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THE  CLASSICAL  ORGANIC  CHEMIST  M.G.  KUCEEROV  (I85O-I9II) 
.  Centen^y  of  his  hlrtb 


Tu.  S.  Musahekov 


The  life  of  the  noted  Russian  chenlst  Mikhail  Grlgorevlch  Kucherov  vas  not 
rich  In  external  events,  hut  on  the  other  hand  it  vas  full  of  Internal  content 
and  may  he  described  as  a  solid  achievement,  adding  still  another  illustrious  page 
to  the  annals  of  natural  science. 

M.  G.  Kucherov,  a  native  of  Poltava  province,  spent  all  his  conscious  life 
In  St.  Petersburg.  As  a  chemist  he  developed  under  the  beneficial  influence  of 
the  eminent  Russian  scientists  M.  N.  Sokolov,  A.  H.  Engelhardt,  and  P.  A.  Lachlnov, 
vhose  closest  associate  he  vas  and  whom  he  succeeded  in  the  Chair  of  the  depart¬ 
ment.  The  early  display  of  talent  made  It  possible  for  Mikhail  Grlgorevlch  to 
become,  at  the  age  of  22,  an  assistant  of  Prof.  Lachlnov  at  the  Forestry  and 
Agriculture  Institute.  After  the  death  of  Lachlnov,  (1891)  Kucherov  vas  promoted 
to  be  docent  and  very  quickly  ^>rofessor  of  the  same  Institute,  In  the  laboratory 
of  vhlch  all  his  brlllian  experimental  Investigations  were  carried  out. 

As  early  as  1873  the  first  paper  by  M.  G.  Kucherov  appeared,  dealing  vith 
the  nitrile  derivatives  of  diphenyl  and  the  corresponding  acids  [l].  Two  years 
afterwards  P.  A.  Lachlnov  coupled  the  name  of  Kucherov,  at  a  session  of  the 
Russian  Chemical  Society  with  the  interesting  phenccienon  of  the  formation  of 
ethyl  acetate  and  acetylene  by  the  action  of  alcoholic  solutions  of  potassium 
acetate  on  vinyl  bromide  (at  l60-170*  [2]).  Acetylene  was  formed  by  the  action 
of  dry  silver  nitrate  on  vinyl  bromide  at  I50*.  Subsequent  papers  by  Kucherov  (3j 
dealt,  among  other  things  with  Lachlnov* s  themes  and  were  devoted  to  the  substance 
called  cholic  acid  (4],  which  vas  of  much  interest  to  Lachlnov  (according  to  him, 
cholic  acid  has  the  formula  C25E4205j.  This  period  in  the  work  of  M.  G.  Kucherov 
may  be  termed  -that  of  preparation  for  Independent  investigation.  But  even  here 
one  can  find  it  is  possible  to  discern  in  the  young  scientist  a  critical  attitude 
towards  the  work  of  other  authors  recommended  to  his  attention.  For  instance.  In 
a  paper  on  the  oxidation  of  cholic  acid,  Kucherov  [3]  experimentally  refuted  the 
results  of  the  foreign  scientist  Tanneiner.  The  ebservations  on  cho31c  acid  were 
continued  by  Mikhail  Grlgorevlch  until  I88I  [5].  This  year  (18813  may  be  considered 
as  the  year  of  crisis  in  Kucherov *s  own  development.  By  studying  vinyl  bromide, 
he  vas  able  to  cake  the  first  observation  of  hydration  of  acetylene,  and  to  the  end 
of  his  long  life  he  never  left  this  field  of  vcxrk. 


The  predecessors  of  Kucherov  In  the  study  of  the  catalytic  hydration  of  acety¬ 
lene  hydrocarbons  were  Zeize,  Glinsky,  and  Eltekov.  In  I867  in  the  Kazan  laboratory 
of  A.  M.  Butlerov,  Zelze  and  Glinsky  shoved  that  vinyl  bromide  and  mercury  acetate 
give  acetaldehyde,  which  Immediately  reacts  vith  EgBr2,  forming  a  white  precipitate. 
Ten  years  later  the  Kharkov  chemist  A.  P.  Eltekov,  studying  vinyl  derivatives, 
arrived  at  his  well  known  rule  concerning  the  instability  of  enols:  "Alcohols,  In 
vhlch  the  hydroxyl  radical  is  attached  to  a  carbon  atom  having  a  free  valency 
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(assuming  the  hypothesis  of  double  bonds)  can  exist  neither  at  high  nor  at 
ordinary  temperatures,  but  they  are,  under  the  conditions  of  their  formation 
transformed  into  aldehydes  and  ketones  isomeric  with  them,  this  depending  on 
whether  the  hydroxyl  radical  is  attached  to  a  terminal  carbon  atom  or  not"  [«]• 

•  In  Kucherov's  paper  "Observations  on  vinyl  bromide"  [v]  the  basi.c  part  of  the 
Investigation  was  devoted  to  the  properties  of  vinyl  bromide.  About  them  Kucherov  ‘ 
says:  1)  that  the  bromine  in  the  vinyl  radical  is  strongly  bound,  as  a  result  of 
which  the  substance  does  not  show  the  usual  double  exchange  reactions  (displacement) 
without  extensive  rearrangement  of  the  molecule;  *2)  that  under  the  Influence  of 
alkalies,  alcoholates  and  salts  the  substance  decomposes  either  by  the  equation 
C2H3Br  CgHa  +  HBr  or  else  condenses.  The  latter  remark  of  Kucherov's  was  the  . 
first  statement  of  the  ability  of  halogen  vinyl  derivatives  to  polymerize,  a  fact 
which  has  only  acquired  industrial  Importance  recently  —  the  production  of  poly-  • 
vinyl  chloride  now  runs  into  tens  of  thousands  of  tons  per  annum.  But  Kucherov 
cakes,  in  the  same  paper,  the  observation  which  was  Important  for  the  further  de-  . 
velopment  of  his  own  work,  that  'by  shaking  acetylene  with  water  and  mercuric 
bromide,  an  aldehyde  is  produced  even  at  ordinary  temperatures.  This  reaction, 
which  appears  to  be  a  general  one  for  all  the  hydrocarbons  of  the  acetylene 
series,  will  be  described  in  detail  in  another  communication"  [v].  At  the  end 
of  the  paper  the  exact  date  of  wTltlng  and  the  place  where  the  work  was  don?  is 
appended:  26  March  l88l.  Chemical  laboratory  of  the  Forestry  Institute- 

Following  this  paper,  in  the  same  volume,  is  a  preliminary  communication  about 
an  extensive  piece  of  work  "New  method  of  hydrating  acetylene"  [s].  Here  the  experi 
mental  detail  is  reported.  The  experiments  on  hydration  Kucherov  carried  out  in  a 
flask  with  a  long  neck,  capacity  about  a  liter,  into  which  was  introduced  water, 
mercuric  bromide,  and  acetylene.  After  sealing  off  the  neck  of  the  flask  it  was 
heated  on  a  water  bath.  The  hydration  reaction,  general  for  all  acetylenic  hydro¬ 
carbons,  proceeds  according  to  the  equation: 


+  H2O 


CnH2n®- 


In  this  paper  Kucherov  stated  that  the  reaction  with  allylene  is  quantitative  and 
is  smoother  than  with  acetylene. 

When  the  catalytic  action  of  mercuric  brc-alde  cn  the  hydration  of  acetylenic 
hydrocarbons  was  definitely  established,  Kucherov  decided  to  extend  the  investi¬ 
gation  to  other  salts  of  divalent  mercury.  In  the  record  of  the  session  of  the 
Russian  Chemical  Society  for  7  October  1882  [s]  there  is  a  report  in  which  M.  G* 
communicated  the  details  of  the  catalytic  hydration  of  allylene.  According  to 
his  observations,  the  reactions  proceed  in  two  stages.  In  the  first,  molecular 
compounds  of  mercuric  oxide  with  the  hydrocarbon  are  formed,  and,  later  there  is 
a  hydrolysis  of  this  intermediate  compound  with  the  production  of  a  ketone. 

M.  G.  Kucherov's  investigations  on  the  hydration  of  unsaturated  hydrocarbons 
were  described  by  him  more  extensively  in  a  long  paper  in  1883  [^o].  In  this  work 
are  described  the  details  of  experiments  on  the  hydration  of  different  hydrocarbons 
(acetylene,  allylene,  ethyl  acetylene)  in  the  presence  of  mercury  derivatives 
(chloride,  bromide,  and  iodide,  the  complex  of  the  latter  with  KI,  mercuric  ace¬ 
tate),  the  detailed  examination  of  the  intermediate  mercury  organic  compounds,  their 
composition  and  structure.  Considerable  attention  is  given  to  the  mechanism  cf  the 
"Kucherov  reaction"  ,  rules  about  the  formation  of  aldehydes  and  ketones  from  ace¬ 
tylenic  hydrocarbons  are  deduced,  and  so  on. 

Among  the  important  conclusions  of  this  work  was  the  fact  that  all  divalent 
mercury  compounds  exert  a  catalytic  action  on  this  hydration  to  a  greater  or 


lesser  degree.  The  intermediate  molecular  mercury  organic  compound  differs  In 
composition  from  case  to  case  very  considerably,  depending  on  the  nature  of  the 
catalyst,  and  also  on  the  acidity  of  alkalinity  of  the  solution.  Particularly 
complicated  substances  are  formed  In  acid  solution.  Here  molecular  compounds 
vere  obtained  which  Kucherov  considered  as  derivatives  of  the  basic  salt  C3H4*H^ 
(in  the  case  of  allylene)  from  which  mercury  Is  lost  and  ketones  are  formed  when 
the  envlrcnment  Is  acid.  In  alkaline  solution  mercury  atoms  replace  two  atoms 
of  hydrogen  In  two  molecules  of  the  hydrocarbon  (thus.  In  the  case  of  allylene 
forming  the  compound  (C3H3)2Hg  )  which  Is  sufficiently  simple  In  structure  that 
acids  can  regenerate  the  original  hydrocarbon  (here  allylene)  from  It.  This 
mercury  organic  compound  Kucherov  compared  with  corresponding  organic  deriva¬ 
tives  of  acetylene  with  silver  and  copper.  Consequently,  if  it  Is  desired  to 
hydrate  acetylenes  and  obtain  as  a  result  aldehydes  or  ketones,  it  Is  necessary 
to  carry  out  the  reaction  In  alkaline  solution. 

The  hydration  of  acetylenes  In  acid  solution  proceeds  smoothly  In  the  pre¬ 
sence  of  HgCls,  HgBr2,  HgS04  and  (CH3-C00)2Hg;  Hgl2  however  has  hardly  any  cata¬ 
lytic  action. 

Kucherov  considered  that  the  process  of  catalytic  hydration  of  acetylenes 
In  acids  may  be  made  continuous,  one  and  the  same  quantity  of  mercury  salt  serv-  ' 
Ing  for  the  hydration  of  an  unlimited  amount  of  hydrocarbon.  In  this  way  the 
reaction  which  he  had  studied  resembles  fermentation  reactions  (yeasts,  etc. 3 
In  living  organisms.  •  -  • 

Kucherov  formulated  an  extremely  Important  rule  for  his  experiments,  which 
makes  It  possible  to  predict  In  advance  the  structure  of  the  ketone  to  be  expec¬ 
ted  from  the  hydration  of  the  homolgs  of ' acetylene;  ■  ...  In  unsymmetrlcal  hydro 
carbons  the  hydrogen  goes  on  to  one  of  the  triple  bonded  carbon  atoms,  and  the 
oxygen  goes  on  to  the  other  triple  bonded  carbon  atom  which  Is  not  hydrogenated: 
In  symmetrical  hydrocarbons,  the  elements  of  water  are  distributed  on  each  side 
of  the  triple  bond,  in  all  probability  without  any  differentiation  between  the 
carbon  atoms,  and  so.  In  the  case  of  Incompletely  symmetrical  hydrcarbons,  two 
ketones  may  be  expected  ...  '•  [lo].  In  accordance  with  his  rule,  Kucherov 
deduced  the  following  representation  for  the  catalytic  hydration  of  acetylenes, 
which  he  had  discovered; 


'  CH3 

CH  I  CH  CHa 

I  +  HaO  -*  C  -  0;  j  +  HaO  -*  j 

•  CH  1  C  'CO 

H  I  I 

cHa  CRa 

^Ha  CRa  CHa 

'  .  C  CHa  CO 

II  +  HaO  - >  I  and  I  - 

.  C  CO  CHa 

CHa  IlHa  IjRa 

CRa  *  IjHa  IjHa 

Aldehyde  Is  formed  only  from  acetylene;  all  Its  homologs  gives  ketones.  By  the 
detailed  study  of  the  composition  of  the  Intermediate  molecular  mercury  compound 
Kucherov  In  the  same  work  deduced  equations  representing  both  phases  of  the  re¬ 
action.  For  Instance  allylene  and  mercuric  chloride; 


I.  .  6E[gCl2  +  3H2O  +  2C3H4  3HsCl2*3Kg0*2C3H4  +  6HC1; 

II.  3HgCl2*3Hg0*2C3H4  +  6HC1  6HgCl2  +  2C3HaO  +  H2O. 

Both  phases  may  he  acconspllshed  separately  or  simultaneously.  In  the  latter  case 
the  first  part  of  the  process  remains  undisc  over  able,  and  what  is  observed  la 
simply  the  hydration. 

M.  G.  Kucherov  In  this  fundamental  work  In  I883  established  the  details  and 
the  structure  of  the  complicated  intermediate  mercury  complex.  Scientists  con¬ 
sider  them  as  derivatives  of  a  basic  mercury  salt  with  a  cyclic  structure,  formed 
In  accordance  with  the  predictions  of  D.  I.  Mendeleev  in  his  “New  Chemistry". 
Kucherov  considered  this  easy  formation  of  molecular  compounds  of  acetylenes  with 
mercury  salts  which  have  a  tendency  to  become  converted  to  basic  derivatives 
(chloride,  sulfate,  acetate)  to  be  strong  proof  for  the  utility  of  his  rule. 

The  work  of  Kucherov  with  mercury  organic  compounds  was  prolonged.  In  the 
proceedings  of  the  session  of  the  Chemical  Society  on  December  1885,  there 

Is  attached  a  report  of  Kucherov 's  on  the  preparation  of  metal  ceirbonate  and 
metal  ammlne  compounds  [12].  Six  years  later  Kucherov  reported  to  the  Russian 
chemists  about  the  action  of  mercury  salt  on  dlallyl  and  hydrocarbons  and  alco¬ 
hols  of  the  ethylenlc  series  [is].  Thus,  In  the  life  of  Mikhail  Grigorevlch 
Kucherov,’ Russian  chemistry  possesses  one  of  Its  most  devoted  pioneers  in  the 
field  of  the  investigation  of  metal  organic  compounds  —  a  field  In  which,  thanks 
to  the  work  of  A.  N.  Nesmeyanov,  K.  A.  Kocheshkov  and  others,  the  Soviet  Union 
Is  far  In  advance  on  the  whole  front. 

To  the  study  of  the  catalytic  hydration  of  different  organic  compounds 
using  mercury  and  other  salts  (silver,  lead,  potassium)  Kucherov  devoted  nearly 
three  decades.  In  the  experimental  work  of  Kucherov,  his  accurate  methods  for 
the  quantitative  .determination  of  fusel  oil  In  alcohols  (l895)  stands  out  with 
particular  distirction.  Kucherov' s  method  consists  In  the  extraction  of  the  fusel 
oil  with  amyl  alcohol  In  the  presence  of  a  saturated  solution  of  sodium  chloride 
and  subsequent  measurement  of  the  oily  layer  In  a  graduated  tube.  The  author  pro¬ 
posed  two  variants:  1)  a  laboratory  method  with  an  accuracy  of  0.017^  and  2)  a 
simplified  one  for  plant  practice  with  an  accuracy  of  0.1^. 

The  papers  and  communications  of  M.  G.  Kucherov  are  characterized  by  a  metic¬ 
ulous  description  of  all  details,  by  the  easy  reproducibility  of  the  experiment  and 
the  persuasiveness  of  the  conclusions.  It  Is  evident  that  in  this  the  beneficial 
Influence  of  N.  N.  Sokolov  appeared.  Sokolov  sharply  criticized  some  French 
chemists  for  their  writings,  which  did  not  make  it  possible  to  repeat  and  check 
their  experiments.  The  exclusive  talent  of  Kucherov  was  characterized  thus  In 
the  most  positive  manner. 

The  long  paper  by  Kucherov,  devoted  to  the  memory  of  P.  A.  Lachlnov  deserves 
special  study  [!■*].  In  it  M.  G.  shows  himself  to  have  had  a  good  knowledge  of 
this  history  of  science,  to  be  a  critic,  a  master  of  original  artistic  description, 
a  psychologist  and  even  In  certain  cases  not  a  bad  expositor  of  the  phenomena  of 
scientific  life  against  the  general  social  economic  background  of  the  country.  The 
remarkable  sixty  years,  he  characterized  for  example  in  the  following  words:  "It 
Is  well  known  to  all  that  in  this  epoch,  short  but  full  of  Incidents,  everything  was 
seized  with  an  Impulse  for  the  renewal  of  old  forms  of  existence.  Even  the  schools 
particularly  the  professional  ones,  did  not  escape  this.  The  abolition  of  serfdom 
regeneratlrig  the  whole  economic  order,  forced  us  to  think  of  new  bases  and  methods 

of  production  in  industry.  To  be  Ignorant  of  science . became  Impossible".  In 

this  outline  Kucherov  gave  the  best  chacterizatlon  of  all  of  N.  N.  Sokolov,  P,  A. 
Lachlnov  and  the  workers  in  the  chemical  laboratory  of  the  Forestry  Institute. 


The  description  reflects  the  state  of  mind  of  Kucherov  so  clearly  that  ve 
reproduce  here  the  whole  section  from  his  paper: 


■Only  after  a  ye‘ur  did  the  laboratory  awake  from  its  torpor.  N.  N. 

Sokolov  appeared.  Shortly  after  him.  In  the  same  yeeir,  P.  A.  returned  also. 

The  name  of  Sokolov  was  well  known  to  all  of  us.  Not  without  some  sink¬ 
ing  of  our  hearts  did  we  look  forward  to  seeing  in  person  the  man,  who  had 
been  mentioned  so  often  and  so  honorably  by  P.  A.,  whose  distinguished  papers 
In  the  Chemical  Journal  we  had  read  with  such  pleasure,  whoa  rumour  recommended 
as  a  remarkable  example  of  a  human  being  ....  The  man  we  saw  completely  corres¬ 
ponded  with  the  stately  form  created  in  our  Imagination.  The  energy  of  his 
spirit  to  a  great  extent  overcame  his  physical  Ill-health  and  his  cheerful  pre¬ 
sence  Inspired  all  of  us,  hls  closest  associate  sind  students,  to  make  wide  use 
of  the  influence  of  hls  unusual  teaching  abilities,  of  hls  untiring  readiness 
to  Instruct  and  of  the  fascination  of  hls  fair  and  noble  countenance.  We  cannot 
forget  with,  what  sincerity  and  goodwill,  and  how  completely  naturally,  he  be¬ 
came  one  of  us  all;  with  what  Joy  and  wealth  of  explanation,  not  sparing  hls 
weak  eyesight  nor  his  weak  chest  he  would  most  painstakingly  sometimes  continue 
In  one  or  another  operation,  which  was  not  without  its  hazards,  if  he  found  In 
It  the  slightest  degree  of  interest.  We  shall  never  forget  those  happy  hours, 
when  over  a  drink,  he  started  to  chat.  P.  A.  nearly  always  participated  la  these 
conversations  as  well  ....  These  chats,  thanks  fortunately  to  the  complicated  ‘ 
external  conditions,  were  for  us  and  for  P.  A.  as  well  more  than  simple  pleasures, 
more  even  than  enjoyment.  We  all  lived  under  one  roof.  The  laboratory  was  open 
at  every  hour  of  the  day  and  night.  N.  N.  Sokolov's  flat  was  neair  the  laboratory; 
we  often  stayed  up  feir  past  midnight:  N.  N.  did  the  same.  Consequently  not  only 
at  every  hour  of  the  day  but  also  It  can  be  said  at  every  hour  of  the  night  these 
conversations  might  proceed.  Such  a  state  of  affairs  lasted  six  whole  years.  We 
did  not  talk  about  incidental  points  of  Interest,  but  of  a  complete  system  of  In-*" 
structlon.  The  whole  man  participated  with  all  the  treasures  of  hls  powerful 
mind  and  rich  experience;  of  hls  deeply  critical  intellect  ....  an  Intellect 
amazingly  clear,  accurate,  fertile  and  quick.  Hls  education  was  splendid  and  so 
versatile  that  hardly  any  Intellectual  or  moral  Interest  escaped  him;  hls  kind 
of  knowledge  was  so  Inexhaustible  and  fundamental  that  it  could  only  have  been 
obtained  at  first  hand,  and  was  so  well  preserved  that  it  was  not  clear  how  It 
could  have  resisted  the  all-destroying  hand  of  time.  He  drew  on  hls  immeasurable 
store  of  many-sided  reminiscences  and  observations,  drawn  from  many  countries  of 
Europe  and  many  parts  of  Russia,  which  provided  him  with  an  Inexhaustible  source 
of  materiel  for  illustrating  or  supporting  any  question  that  might  crop  up  at 
any  moment.  Finally,  his  amazing  expert  ness  in  work  also  was  demonstrated  on 
these  occasions,  and  no  less  clearly  In  evidence  was  his  majestic  countenance  “• 
a  spirit  towering  high  above  the  commonplace  of  everyday  existence,  devoted  to 
the  search  for  truth  without  the  slightest  suspicion  of  mercenary  motive,  a 
spirit  proud.  Independent,  and  so  self-sufficient  that  his  equanimity  was  main¬ 
tained  under  the  strongest  of  all  human  temptations  “  the  temptation- of  fame. 

The  respect  of  P.  A.  for  Sokolov  went  as  far  as  reverence.  In  his  turn 
Sokolov  loved  P.  A.  sincerely....  "  (575-576). 

The  Works  of  Kucherov  exerted  a  powerful  effect  on  the  development  of 
chemical  science  and  industry,  both  In  Russia  and  in  the  rest  of  the  world.  In 
the  history  of  science  not  a  few  examples  are  met  with  of  interesting  scientific 
discoveries  made  In  the  laboratory,  not  finding  use  In  Industry  for  a  decade  or 
more;  and  it  was  particularly  harmful  that  due  to  the  social  and  economic  back¬ 
wardness  of  the  country  and  the  musty  atmosphere  of  servility  to  everything 
foreign,  many  Russian  chemical  discoveries  found  their  initial  industrial  appll- 
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cation  at)road.  Foreign  lovers  of  proflt-at-another *s-expense  utilized 
Kucherov's  reaction.  The  "Incubation  period*'  [is]  for  Kucherov's  reactions 
-va's,  for  example,  a  third  of  a  century;  the  manufacture  of  acetaldehyde  from 
acetylene  by  hydration  in  the  presence  of  mercuric  sulfate  in  chemical  plants 
did  not  get  going  until  thirty  three  years  after  Kucherov's  discovery.  The 
enormous  scale  on  vhlch  his  synthesis  is  used  has  been  achieved  only  in  our  own 
times.  Nowadays,  acetaldehyde  is  obtained  from  acetylene  at  the  rate  of  more 
than  three  hundred  thousand  tons  per  year. 

M.  G.  Kucherov,  extending  the  best  tradition  of  his  predecessors,  labored 
hard  and  most  fruitfully  for  the  greatest  advancement  of  Russian  chemistry. 

Nearly  all  his  works  were  published  In  the  "Journal  of  the  Russian  Chemical 
Society",  of  which  he  was  an  active  member  for  many  years.  In  I885  the  Chemical 
•Society  presented  him  with  the  "N.  N.  Sokolov  Award for  his  contribution  to 
science  —  the  discovery  and  study  of  the  reactions  of  acetylenic  hydrocarbons 
with  compounds  of  mercury  [i9].  '  -  ~ 

•  M.  G.  Kucherov  was  In  all  things  worthy  of  the  continued  thanks  of  his 
students.  The  Intercourse  of  M.  G.  with  the  youth  of  those  times  whose  dis¬ 
position  was  revolutionary  (the  Kravchinsky  brothers,  and  others)  converted 
Kucherov  to  a  progressive  worker  In  the  high  school. 

It  Is  regretable  that  as  yet  no  creative  biography  of  M.  G.  Kucherov  has 
placed  on  record  his  influence  on  the  history  of  science.  The  few  lines  about 
him  in  the  works  of  P.  I.  Walden  [20]^  M.  A.  Bloch  [21]  and  the  "Great  Soviet 
Encyclopedia"  [22]  are  quite  inadequate.  This  review  does  not  pretend  to  be 
complete.  Our  native  chemical  science  Is  truly  honored  by  the  works  of  Mikhail 
Gr Igorevich  Kucherov;  his  life  and  activity  await  their  biographer. 
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HIEPARATION  OF  POTASSIUM  PrSlMAIIGAllATE  AND  MAHGAKAT2  BY 
AliODIC  SOLUTION  OF  METALLIC  MANGANESE 


R.  I.  Agladze  and  G.  M.  Domanskaya 


It  Is  Interesting  that  after  Shall,  Beketov  worked  on  the  structure  of 
mahganates  as  long  ago  as  the  fifties  of  the  last  century  [i],  Kanganates  are 
only  stable  In  alkaline  solution.  The  original  method  for  the  manufacture  of  per-' 
manganate  nade  use  of  this  fact,  and  manganates  were  dissolved  in  water.  This 
causes  the  manganate  to  decompose  with  the  formatica  of  permarganate  :  3K2Mn04  ♦ 

2H2O  — >  2KMn04  +  MnOa  +  4K0H.  This  reaction  can  easily  he  carried  to  completion 
If  the  alkali  formed  is  neutralized.  This  may  he  achieved  hy  saturating  the 
solution  with  carhon  dioxide.  Experiments  on  the  preparation  of  permanganates 
hy  anodic  solution  of  manganiferous  alloys  In  solutions  of  caustic  alkalies  or 
carbonates  have  been  carried  out  hy  a  series  of  investigators  [2].  Patents  have 
even  been  taken  out  abroad  on  this  method  of  producing  permanganates,  but,  as  far 
as  we  know,  no  experiments  oh  the  Industrial  utilization  of  ferromanganese  and 
slllcomanganese  have  given  positive  results,  since  after  a  short  period  of  work¬ 
ing,  the  anodes  become  passivated  and  the  voltage  across  the  terminals  Increases. 
Grube  amd  Metzger  [4],  and  also  Lubyanov  and  Bakhchisaraitsyan  in  their  exten¬ 
sive  investigation  [s]  aimed  at  removing  the  passivation  of  the  anodes.  Imposed 
considerable  changes  of  current  upon  the  electrodes,  without  attaining  the  desired 
results. 

One  of  the  authors  of  the  present  paper  has  published  the  results  of  work  " 
on  the  preparation  of  metallic  manganese  by  electrolysis  [Q].  The  possession  of 
electrolytic  manganese  made  it  possible  to  carry  out  experiments  on  the  anodic  sol¬ 
ution  of  pure  manganese  in  alkalies.  As  our  experiments  shoved,  when  electrolytic 
manganese  was  used,  passivation  of  the  anodes,  which  had  made  it  impossible  to 
use  manganese  alloys  for  the  production  of  permanganates,  did  not  occur.  The  pre¬ 
liminary  report  on  our  experiments  on  the  anodic  solution  of  mar^ganese  was  made 
by  us  as  early  as  19^7- 


EXPERIMENTAL 

Description  of  the  apparatus.  Manganese  is  very  hard  and  brittle,  so  that 
It  is  difficult  to  work,  and  therefore  rectangular  electrodes  were  cut  out  with 
a  diamond  from  the  electrolytic  plates  obtained.  Where  necessary,  the  exterior 
dendritic  surface  of  the  electrode  was  worked  off  on  a  grinding  bench  with  a 
corundum  wheel.  The  smooth  surface  of  the  plate  was  rubbed  down  with  fine  emery 
cloth.  After  each  experiment  the  plates  were  washed  with  dilute  nitric  acid, 
followed  by  distilled  water. 

To  convey  current  to  the  plates  the  wire  was  fixed  to  them  either  with 
brass  terminals,  or  simply  soldered  on  with  tin.  It  should  be  mentioned  that 
soldering  to  manganese  with  tin  is  difficult  and  that  the  bonds  made  in  this 
fashion  frequently  parted.  Nickel  plates  were  used.  A  beaker  was  used  as  a 
cell,  its  capacity  being  about  I9O  ml.  The  cathode  and  anode  were  mounted  in 
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an  ebonite  plate,  which  was  laid  across  the  top  of  the  beaker.  .The  cell  was 
Immersed  In  a  thermostat.  A  selenium  rectifier  was  used  as  a  source  of  current, 
and  In  seme  cases  a  battery  of  accumulators.  electrolytic  manganese  used 

for  the  anode  contained  99-9^^  Mn. 

The  method  of  analysis  of  the  products  of  electrolysis.  After  carrying 
out  an  experiment  the  electrolyte  was  usually  a'  mixture  of  potassium  perman-  • 
ganate  and  manganate,  with  a  certain  quantity  of  slime,  consisting  of  manganese 
oxides  and  hydroxides.  The  solution  was  filtered  In  order  to  separate  It  from 
the  slime.  To  determine  the  quantity  of  manganese  In  the  slime,  the  precipitate 
bn  the  filter  was  dissolved  In  concentrated  hydrochloric  acid  and  the  manganese 
In  the  solution  was  determined  by  Volhard's  method.  The  filtrate,  according  to 
the  conditions  of  the  experiment,  contained  either  manganate  or  permanganate.  ’ 

In  cases  where  permanganate  was  to  be  obtained,  sulfuric  acid  was  added  to 
the  solution  in  quantity  sufficient  not  only  to  neutralize  the  alkali,  but 
also  to  leave  the  solution  strongly  acid.  This  acidity  was  necessary  to  re¬ 
duce  the  seven-valent  manganese  to  the  divalent  condition  with  sodium  oxalate. 
After  diluting  the  solution  with  hot  water,  we  added  an  excess  of  sodium  oxa¬ 
late  to  It.  Later  this  excess  was  back  titrated  with  potassium  permanganate. 

•The  amount  of  permanganate  could  then  be  calculated  from  the  amount  of  the  re¬ 
ducing  agent  which  had  been  consumed.  In  the  second  case,  thas  Is  when  the 
solution  was  alkaline  and  manganate  was  obtained,  the  solution  was  also  acidi¬ 
fied  at  the  beginning  as  before.  However,  while  the  acidity  of  the  solution 
facilitated  the  stabilization  of  permanganate,  the  manganate  was  decomposed 
with  formation  of  permanganate  and  manganese  dioxide.  In  the  presence  of  an 
excess  of  sulfuric  acid,  oxalic  acid  reduced  the  permanganate  as  well  to  man¬ 
ganese  dioxide. 

•  Effect  of  concentration  of  the  electrolyte.  For  the  study  of  the  effect  of 
variations  of  concentration  of  alkali,  the  temperature  of  the  electrolyte,  and 
the  anode  current  density,  in  the  electrolytic  solution  of  manganese  or  its  alloys 
in  alkalies,  solutions  were  prepared  containing  manganese  in  different  states  of 
oxidation.  In  strongly  alkaline  solution  and  at  high  temperatures  the  perman¬ 
ganate  is  reduced  to  manganate  with  liberation  of  oxygen  according  to  the  reaction: 

22^0*4  +  20H'  2MnO”4  +  H2O  + 

To  determine  the  effect  of  the  concentration  of  caustic  alkali  on  the  process 
of  the  anodic  solution  of  manganese,  a  series  of  preliminary  experiments  were 
carried  out.  In  the  course  of  these  we  observed  in  weak  alkaline  solution  (6-85&) 
a  crimson  coloration  characteristic  of  permanganate  around  the  anode  during  elec¬ 
trolysis.  This  coloration  of  the  electrolyte  remained  unchanged  In  experiments 
which  lasted  more  than  one  hour.  An  altogether  different  picture  was  observed  In 
the  electrolysis  of  solutions  of  moderate  alkali  concentration.  After  switching 
on  the  current,  streams  of  crimson  electrolyte  could  be  seen  leaving  the  manganese 
anode,  rapidly  changing  to  green:  when  the  experiment  was  prolonged  the  solution 
became  dark  blue  In  color,  which  appeared  to  be  a  result  of  the  mixture  of  the 
dark  crimson  color  of  a  saturated  solution  of  the  permanganate  and  the  dark  green 
of  the  manganate. 

In  concentrated  (30^  and  higher)  alkali  solutions,  the  space  around  the 
anode  and  afterwards  the  whole  of  the  electrolyte  took  on  the  green  color  of 
manganate  from  the  very  start  of  the  experiment,  tenganate -permanganate  mix¬ 
tures  differ  considerably  in  stability,  and  their  relative  concentrations  de¬ 
pend  upon  the  alkalinity  of  the  bath,  the  temperature  and  other  factors. 
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In  Table  1  set  out  the  results  of  experiments  vhlch  ve  carried  but 
In  order  to  elucidate  the  effect  of  the  concentration  of  KOH  on  the  process 
of  anodic  solution  of  manganese.  When  dissolving  manganese  In  solutions  of 
alkali  carbonates  under  different  conditions,  ve  .obtained  potassium  perman¬ 
ganate  alone  In  all  experiments.  The  non- formation  of  manganate  in  alkali 
carbonate  solutions  may  be  attributed  first  to  the  fact  that  the  alkalinity 
of  these  solutions  Is  lower  and  second  to  the  fact  that  in  the  presence  of 
carbonate,  manganate,  even  if  It  formed,  slowly  reverts  to  permanganate  with  * 
simultaneous  formation  of  the  dioxide  according  to  the  scheme: 

3K2Mn04  +  2C02  ->  2KMn04  +  MnOz  +  2X2003. 

From  the  data  set  out  in  Table  2  It  is  evident  that  In  electrolytes  con¬ 
sisting  of  aqueous  solutions  of  potassium  carbonate,  the  current  yield  depends 
to  only  a  small  extent  on  the  concentration  cl  the  electrolyte,  and  only  when  the 
concentration  of  the  solution  falls  below  Co  g/llter  does  the  current  yield  fall 
off  to  any  marked  extent.  The  yield  of  product  (ratio  of  the  quantity  of  man¬ 
ganese,  going  Into  solution  in  the  forir  of  pe .'manganate.  to  the  total  quantity 
of  manganese  found  in  the  slime  and  In  the  solution)  depends  to  only  a  sc^ll 
extent  on  the  concentration  of  the  el'-^trolyte.  The  voltage  on  the  bath,  as 
a  result  of  changes  in  the  electrical  resistance  between  the  electrodes.  In¬ 
creases  both  when  the  electrolyte  Is  diluted  (and  in  amount  proportional  to 
this  dilution)  and  also  when  the  electrolyte  becomes  supersaturated  with  salts, 
and  crystals  are  deposited  on  the  electrodes.  As  a  result  of  the  Increased 
voltage  the  consumption  of  electrical  energy  per  g  of  permanganate  Increases.  * 

Ve  observed  a  specific  consumption  of  electrical  energy  of  about  I6  kw/kg  when 
using  solutions  containing  from  3OO-5CO  g/llter  K2CO2.  With  this  solution  the 
current  yield  was  about  20^6. 

Effect  of  temperature.  The  results  of  three  series  of  experiments  carried 
on  for  different  periods  of  time  with  37^  KOH  are  set  forth  In  Table  3»  At  this 
.concentration  of  alkali  the  solution  only  contained  manganate.  The  current 
yield  of  manganate  Increases  as  the  temperature  Increases.  At  the  same  time,  as 
a  result  of  the  increase  of  the  electrical  conductivity  of  the  electrolyte  and 
a  fall  In  the  c.d.  across  the  bath,  the  consumption  of  electrical  energy  de¬ 
creased;  however  In  all  cases  the  yield  of  product  decreased.  Particularly 
large  amounts  of  dioxide  were  formed  at  temperatures  above  60*. 

From  the  data  of  experiments  of  the  third  series  It  Is  evident  that  taking 
all  factors  Into  consideration  (current  yield,  energy  and  product  yield)  the 
optimum  temperature  should  be  taken  as  around  20*  at  which,  with  an  energy  con¬ 
sumption  of  20  kv/kg,  the  yield  of  product  In  the  form  of  manganate  was'  70^-  The 
expression  'product  yield'  here  Implies  the  result  of  multiplying  by  ICO  the  ratio 
of  the  quantity  of  manganese  contained  In  the  manganate  to  the  general  quantity 
of  anodically  dissolved  manganese,  which  went  not  only  Into  solution  as  manganate, 
but  was  also  precipitated  In  the  slime,  where  it  was  present  mainly  In  the  form 
of  hydrated  manganese  dioxide. 

The  results  of  experiments  show  (Table  4)  that  the  best  results  with  a  car¬ 
bonate  electrolyte  are  obtained  in  the  temperature  range  of  15-35* • 

Effect  of  anodic  current  density^  Experiments  with  electrolytes  containing 
caustic  potash  were  carried  out  in  two  series^  Table  5  contains  the  results  of 
experiments  carried  out  with  375&  KOH  at  an  anode  c.d.  of  2-28-^  A/dm^.  The  for- 


TABLE  1 


Effect  of  concentration  of  the  electro¬ 
lyte  on  the  process  of  anodic  solution 
of  electrolytic  manganese  In  KOHi^ 


Concentration 
of  KOH  (in  5&) 

Current  den¬ 
sity  of  the 
anode  (in 
A/dm^) 

Oxidizing  power 
of  the  electro¬ 
lyte  (in  ml  of 
0.1  N  Ka2Cp04) 

hi 

7.7 

58.4 

hi 

7.7 

5^.9 

hi 

12.5 

69.0 

hi 

12.5 

65.3 

37 

7.7 

32.4 

37 

12.5 

39.9 

21 

7.7 

12.3 

•  21 

12.5 

'  15.4 

11  * 

7.7 

.  5.7 

•  11 

12.5 

5.H 

nation  of  the  Ions  containing- “ 
manganese  in  a  higher  state  of 
oxidation,  requires  a  definite 
potential  across  the  electro- 
lyte,  so  that  when  the  potential 
vas  lower  the  formation  of  Ions 
corresponding  to  a  lover  state 
of  oxidation  vas  observed  —  mainly 
with  manganese  having  the  oxidation 
number  6.  It  should  be  mentioned 
that  the  favorable  zone  of  potential 
for  the  formation  of  ions  in  the 
higher  state  of  oxidation  changes 
as  a  function  of  the  nature  of  the 
electrolyte  and  the  temperature. 
During  the  experiment,  carried  out 
at  'an  anode  c  .d.  of  2  A/dm^,  only 
traces  of  manganate  vere  detected 
In  the  electrolyte,  in  vhlch  the 
potential  across  the  terminals, 
vhlch  Initially  vas  2.2  V,  had 

risen  by  the  end  to  2.h  V.  In  this  case  there  are  formed  In  the  solution  Ions 
containing  manganese  in  a  lover  state  of  oxidation.  The  manganese  hydroxide 
thus  obtained  deposits  on  the  anode  and  causes  the  potential  across  the  bath 
to  Increase.  The  traces  of  manganate  observed  in  the  case  in  point  originate, 
in  our  opinion,  from  the  further  oxidation  on  the  anode  of  hydrates  of  lover 
valent  compounds  of  manganese..  For  manganate  there  was  observed  quite  a  con¬ 
siderable  increase  in  current  yield  as  the  current  density  was  Increased;  not* 
withstanding  the  Increased  p.d.  the  specific  energy  consumption  decreases  from 
22  kv  at  6.2  A/dm^  to  l6  kw  at  21-28  A/dm^.  Since  in  the  course  of  this  series 
of  experiments  ve  did  not  secure  the  complete  removal  of  all  excess  heat  from 
the  cell  at  large  current  densities,  we  started  an  additional  series  of  experi¬ 
ments  in  which  all  measurements  were  made  at  constant  temperature.  This  series 
of  experiments  (Table  6)  was  carried  out  with  more  concentrated  KOH  (47^) .  At 
a  current  density  of  l8  Ajdm^  a  maximum  current  yield  was  observed  which  reached 
22.6‘fi  at  a  product  yield  of 

TABLE  2  -  ' 

Effect  of  concentration  of  electrolyte  on  the  process  of  anodic  solution  of  manga¬ 
nese  in  solutions  of  K2CO3 

Duration  of  experiments  40  minutes.  Temoeratures  25-48*.  Anodic  current 


Concentra¬ 
tion  of  the 
solution 
(g/i) 

P.D. 

Quantity  of  Mn  leaving 
the  anode  (g) 

Current 
yield  for 
KMnO^ 

(^) 

Product 

yield 

(i>) 

Consumption 
of  energy 
(in  kw/kg 
of  KMhOa) 

Entering 
solution 
as  K}>ln04 

Going 
into  the 
slime 

820 

4.9 

0.0376 

• 

24.0 

«« 

600 

4.1 

0.0379 

0.0077 

24.0 

83 

20 

480 

3.6 

0.0410 

- 

26.3 

16 

360 

3.7 

0.0390 

0.0070 

25.0 

85 

— 

240 

3.9 

0.0383 

0.0080 

24.6 

83 

19 

120 

4.5 

0.0359 

0.0080 

23.0 

82 

23 

60 

5.6 

0.0369  • 

0.0080 

23.0 

82 

28 

36 

7.8 

0.0248 

- 

16.0 

- 

61 

- ■  *  -  ■  ■  I  I  I  I  - 

Duration  of  the  experiments  20  minutes;  current  density  at  the  anode  55  A/dm^. 


’  tabi^  3  .  . 

Effect  of  electrolyte  temperature  on  the  process  of  anodic  solution  of  manganese 

In  .a  375t-M  solution  of  KOH 

Duration  of  experiments  of  the  first  series  75  minutes,  of  the  second 
and  third  series  60  minutes.  Current  density  on  the  anode  8  A/da^,  on 

the'  cathode  31  A/dm^ 


Test 

series 


15 

17 

51 

41—1^2 

48 

60 

70 

66—70 


f  15 
s  31—: 

L  61— f 


17—18 

18 

33 

35 — 36 
60—63 
7^—74 
94—96 


0.043 

0.043 

0.028 

0.036 

0.030 

0.031 

0.055 

0.(^2 

0.044 

0.029 

0.033 

0.058 

0.056 

0.038 

0.034 

0.035 

0.047 

0.087 


f  Mn 
ode 


Going 
Into  the 
slime 


0.017 

0.017 

0.024 


Product 

yield 

w 


Consumption 
of  energy 
(In  kw/kg 
of  KaMnO^) 


0.022 

0.023 

0.023 

0.023 

0.023 

0.022 

0.024 

0.071 


..  TABLE  4  •  -  ■ 

Effect  of  electrolyte  temperature  on  the  process  of  anodic  solution  of  manganese 

•  •  In  23^-M  solution  of  K2CO3 

Duration  of  experiment  40  minutes.  Anode  current  density  6  A/dm^. 

•  Cathode  current  density  27  A/dm^ 


Quantity  of  Mn  leaving 
the  anode  (g) 


Going 
Into  the 
slime 


Current 

Product 

yield  for 
KMn04  (^) 

yield 

2 

2 

2 

9.3 

3.7 

3.5 

1.7 

90.4 

90.4 

88.0 

1 

8.8 

76.0 

1 

5.0 

^.0 

1 

1.5 

60.0 

1 

0.4 

50.0 

of  energy 
(In 

of  KMn04) 


ij 

1 


.  "  ■  .  TABLE  5  . 

: •  .  • 

•  Effect  of  anode  current  density  on  the  process  of  anodic  solution  of 
■'  v  .  •  -  manganese  In  solutloA  of  KOH 


'  i  ‘  Duration  of  experiment  90  nlnutes 


Voltage 

(y)  ^ 

rempera- 
.ture  • 

CO 

1  Current  density  (A/dm^) 

K2Mn04 

obtained 

M 

Current 
yield  for 
KpMn04  (^) 

Energy  con¬ 
sumption 
(kv/i^  K2Mn04 

On 

anode 

On 

cathode 

2. 2-2. 4 

15 

2.0 

5.3 

mm 

.. 

2.6  . 

16 

4.0 

15.6 

0.091 

9.84 

21.4 

2.9 

16 

6.2 

23.1 

0.163 

11.80 

22.2 

3.2 

17 

8.3 

.51.2 

0.260 

14.00-  • 

18.4 

3.3 

17 

10.0 

58.7 

0.328 

14.80 

18.1 

3.5 

20 

13.3 

50 

0.500 

17.00 

16.8 

3.8 

21 

16.6 

62 

0.628 

18.50 

16.9 

4.0 

19 

21.0 

75 

.  0.894 

20.00 

16.0 

4.4 

25 

24.0 

87 

1.175 

22.60 

15.7 

4.6 

26 

28.0 

94 

1.925 

23.30 

16.0 

tabie'6 


"  Effect  of  anode  current  density  on  the  pi'ocess  of  anodic  solution  of 
manganese  In  475&-M  solution  of  KOH 


Duration  of  experiment  60  nlnutes.  Temperature  25*. 


Current  cl 

ensity  (A/dm^j 

Quantity  of  Mn  leaving 
the  anode  (in  g) 

Current 
yield  for 
K2Mn04  In 

1> 

Product 

yield 

In  $ 

On  anode 

On  cathode 

Entering 
solution 
as  KpMnO^ 

In 

slime 

14.3 

45 

0.092 

0.009 

20'.'6 

91.0 

18.0 

57 

0.124 

0.011 

22.6 

92.0 

21.4 

68 

0.145 

0.011 

21.6 

93.0 

23.5 

80 

0.168 

0.017 

20.7 

90.6 

28.6 

91 

0.163 

0.013 

18.3 

92.7 

'  ■  *  •  TABLE  7 

Influence  of  anode  current  density  on  the  process  of  anodic  solution  of 
manganese  In  29^-M  solution  of  K2CO3 


Duration  of  experiment  UO  minutes.  Temperature  lU-15*. 


Voltage 

(V) 

Current  Density 
(A/dm^) 

I  Quantity  of  lln  leaving 
the  anode  (in  g) 

Current 

yield 

for 

KMn04  (^, 

Product 

yield 

Energy 
expend!  t«are 
(kw/kg 
KI'ln04) 

On 

anode 

On 

cathode 

Entering 
solution 
as  W-inOA 

In 

slime 

2.8 

2.4 

6.3 

0.006 

.. 

15.0 

— 

21.0 

2,6 

3.7 

9.1 

0.016 

0.0055 

28.6 

74 

10.7 

4.1 

7.2 

19.0 

0.028 

0.0043 

24.5 

88 

19.9 

4.4  . 

10.6 

28.0 

0.048 

0.003^0 

27.6 

92 

15-9 

4.7 

14.3 

38.0 

0.067 

0.003;9 

28.9 

93 

19.1 

5.2 

17.9 

47.0 

0.082 

C.0130 

23.4 

86 

21.6 

902 


I 


Table  7  gives  figixres  showing  the  effect  of  current  density  on  the  process . 
of  forraatlon  of  potassium  i)er mangaiiate .  These  experiments,  were  carried  out  with'- 
29^  KsCOa  at  an  anode  c.d,  of  2.4-17.9  A/dm^  at  a  temperature  of  14-15*.  At  a.  • 
lower  current  density  (2,4  A/dm^)  we  observed,  as  with  the  KOH  solutions,  an 
increase  In  the  voltage  and  a  relatively  small  current  yield  towards  the'  end  of  ' 
the  experiment.  The  minimum  energy  consumption  of  10. 7  Icw/kg  of  permangante 
occurred  at  an  anode  c.d,  of  3*7  A/dm^.  At  this  the  current  yield  was  26.6^. 

With  further  Increase  In  the  c.d.  the  current  yield.  It  Is  true,  did  not  change  ' 
sharply  but  on  account  of  the  Increase  In  the  p.d.  the  specific  energy  consump-  - 
tlon  increased.  .  ■  .  .  .  • 

Influence  of  anode  c.d.!  cathode  c.d.  ratio.  Table  3  contains  the  results 
of  a  series  of  experiments  with  29^^  KgCOa  carried  out  at  different  values  of  the 
ratio  of  anode  to  cathode  c.d.  In  these  experiments  the  anode  c.d.  was  maintained 
at  14.7  A/dm^,  while  the  cathode  c.d.  was  varied  from  6.3  to  111  A/dm^.  Such  a 
change  In  the  c.d.  ratio  did  not  cause  any  considerable  change  in  the  current 
or  product  yields,  but  the  specific  energy  consumption  decreased  with  Increase 
In  the  ratio,  due  to  the  lowering  of  the  general  p.d.  across  the  bath. 

Effect  of  Inter-electrode  distance.  The  effect  of  distance  between  the 
electrodes  was  studied  only  with  47^  KOH  (Table  9).  The  results  set  out  In  the 
table  show  that  the  current  yield  Increases  little  with  Increase  of  Inter-elec¬ 
trode  distance.  This  Is  possibly  connected  with  a  decrease  in  the  quantity  of  the 
higher  valent  manganese  compound  reduced  on  the  cathode. 

TABLE  8 

Effect  of  ratio  of  anode  to  cathode  c.d.  on  the  process  of  anodic 

solution  of  manganese  In  29^-M  solution  of  K2CO3  .  ■  ; '  •  . 


Duration  of  experiment  40  minutes.  Anode  c.d.  l4.7  A/dm^. 

Temperature  l6*. 


Anode 
cathode 
c.d. ratio 

Voltage 

(V) 

Cathode 

c.d. 

(A/dm^J 

Quantity  of  Mn  leaving 
the  anode  (g> 

Current 
yield  for 
KMn04  (i>) 

Product 

yield 

Energy 

consumption 

(kw/kg 

KMn04) 

Entering 
solution 
as  KMn04 

In 

slime 

0.18 

5.3 

111 

0.058 

0.009 

30.0 

87 

21.0 

0.26 

^•9 

55 

0.058 

0.008 

30.0 

88 

19.0 

0.29 

4.8 

50 

0.956 

- 

27.8 

— 

19.0 

0.70 

4.4 

21 

0.056 

0.006 

29.2 

90 

18.0 

1.10 

4.2 

13 

0.055 

0.007 

28.6 

88 

17.^ 

1.47 

3.9 

10 

0.053 

0.006 

27.0 

88 

16.8 

2.30 

4,0 

6.3 

0.0^8 

- 

30.0 

’  — 

15.6 

Effect  of  stirring  electrolyte  and  rotating  anode.  In  the  anodic  solution 
of  manganese  it  would  be  expected  that  the  concentration  of  alkali  which  com¬ 
bines  with  the  manganese  would  decrease  during  the  experiment  In  the  layer  near 
the  anode.  Hence,  there  might  be  expected  some  beneficial  effect  of  stirring  the 
electrolyte  and  rotating  the  anode.  In  Table  10  are  set  forth  the  results  of 
experiments  made  both  with  stirred  and  unstirred  electrolyte,  and  also  with  a 
rotating  anode.  The  increase  In  consumption  of  energy  when  the  anode  was  rotated 
Is  due  to  an  Increase  in  the  potential  across  the  bath  due  to  the  special  con-  • 
tacts  which  were  used  to  feed  current  to  the  rotating  anode.  The  results  we 
obtained  In  experiments  by  using  KOH  as  electrolyte  shoved  a  certain  Improve¬ 
ment  In  the  process  when  stirring  was  employed.  While  in  the  absence  of  stirring 
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tabib  9.  .  • 

Effect  of  distance  'between  electrodes  on  the  process  of  anodic 
solution  of  manganese  In  solution  of  KOH  *  • 

Duration  of  experiment  19  minutes.  Temperature  18-20* • 


Distance 

between 

elec¬ 

trodes 

(cm) 

Voltage 

(V) 

[c.d.  (A/dm2) 

Quantity  of  Mn  leaving 
the  anode  (g) 

Current 

yield 

for 

K2Mn04 

ii) 

Product 

yield 

w 

Energy 

consump¬ 

tion 

(kw/kg 

KpMnO^ 

On 

anode 

On 

cathode 

Entering 
solution 
as  K2Mn04 

In 

slime 

h.2  . 

4.0 

9.6 

62.5 

0.0827 

0.0087 

24.4 

90 

13.3 

.  3-2 

3.8 

9.6 

62.5 

0.0783 

0.0084 

23.1 

91 

13.3 

'2.2 

3.6 

9.6 

62.5 

0.0811 

0.0085 

23.9 

91 

12.3 

1.5  - 

3.6 

9.6 

62.5 

0.0760 

0.012 

22.4 

86 

13.0 

^.5 

4.2 

7.9 

26.6 

0.1030 

0.009 

25.3 

92 

13.4 

3.5 

3.5 

7.9 

26.6 

0.1010 

0.010 

24.8 

91 

11.5 

2.5 

3.5 

7.9 

26.6 

0.0980 

- 

24.1 

- 

11.4  • 

1.5 

3.4 

7.9 

26.6 

0.0^0 

0.009 

24.1 

92 

11.4 

0.8 

3.3 

7.9 

26.6 

0.0990 

0.010 

24.3 

91 

11.1 

:•  r-  /  .  ;  -  taBLB  10  ‘  ' 

Effect  of  mixing  electrolyte  and  rotating  electrode  on  the  process  of 
•  anodic  solution  of  manganese  in  solution  of  KOH 

.Duration  of  experiment  UO  minutes.  Anode  c.d.  6.6  A/dm^. 

Temperature  l8*. 


Voltage 

Cathode 

c.d. 

Quantity  of  Mn 
leaving  the 
anode  (g) 

Current 
yield  of 

Product 

yield 

Energy 

consump¬ 

tion 

(kw/kg 

K2Mn04) 

Remarks 

(V) 

(A/dm^) 

Entering 
solution 
as  Kp!'!n04 

In 

slime 

K2Mn04 

ii>) 

c 

3.8 

32 

0.078 

0.013 

18.6 

85.6 

15.9 

Electrolyte  not 
stirred. 

!  . 

3.8 

32 

0.081 

0.013 

19.9 

86.0 

15.5 

Electrolyte  stirred 
at  120  rpm. 

*  1 

i; 

3.8 

32 

0.085 

0.012 

21.0 

88.0 

14.4 

Electrolyte  stirred 
at  250  rpm. 

4.6 

28 

0.096 

0.009 

23.8 

91.0 

16.0 

Anode  rotated. 

the  current  yield  was  18.65&,  when  the  electrolyte  was  stirred  it  reached  23.8^, 
and  at  the  same  time  time  there  was  some  Improvement  In  the  product  yield 

(85.6-91^).  • 

Effect  of  duration  of  experiment.  We  have  already  noted  that  the  anodic 
solution  of  manganese  alloy  always  ran  Into  the  difficulty  of  the  formation  of  a 
passive  film  on  the  anode.  This  film,  varying  In  chemical  and  mechanical  strength, 
raised  the  voltage  on  the  hath  to  values  of  the  order  of  100  Y  and  the  formation 
of  this  film  caused  the  process  of  electrolysis  to  cease  completely. 

In  experiments  we  carried  out  with  anodes  of  electrolytic  manganese  and  with 
various  electrolytes,  no  such  film  was  formed,  the  process  of  electrolysis  d^d 
not  cease,  and  the  potential  on  the  hath  did  not  change  Its  value  even  during  ex- 
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perlments  of  long  duration.  Hovever,  vhen  using  electrolytes  which  contained 
neither  nianganate  nor  permanganate,  or  an  anode  with  a  freshly  ruhhed  down 
surface,  the  current  yield  was  always  somewhat  better  than  In  prolonged  ex- • 
perlments,  where  the  surface  of  the  electrode  hecame,#dark  due  to  the  -  formation 
on  It  of  a  thin  layer  of  oxides.  It  was  observed  that  when  using  carbonates 
In  the  electrolyte  the  anode  had  a  cinnamon  shade,  and  when  using  caustic  alkali 
a  black  shade,  characteristic  of  manganese  dioxide.-  We  carried  out  prolonged 
experiments  on  the  anodic  solution  of  manganese  with  hSjt  KOH.  25.8  Ah.  were 
passed  through  the  soluMon  In  the  course  of  hS  hours,  'the  p.d.  was  3. 0-3, 2  V. 
The  change  In  potential  Is  shown  by  the  folio-wing  figures: 

•  Duration  In  hours  0  2  ^  12  2H^  36  1^3 

•'  Voltage .  3.0  3-0  3.1  3.1  3.1  3.2  3.2 


The  submerged  part  of  the  anode  at  the  beginning  of  the  experiment  was  7 
cm*,  but  by  the  end  of  the  experiment  so  much  of  the  anode  had  dissolved  that 
this  surface  had  diminished  to  h  cm*.  At  the  end  of  the  experiment  the  c.d, 
therefore  had  Increased.  The  Increase  of  potential  on  the  bath  was  conditioned 
by  this  Increase  In  c.d.  and  also  by  the  fact  that  the  anode  was  covered  by 
crystals  of  potassium  permanganate.  Crystals  of  permanganate  also  were  observed 
on  the  floor  of  the  cell;  the  solution  contained  potassium  manganate.  The  pre¬ 
sence  of  crystals  of  permanganate  In  the  alkaline  solution  may  be  explained  by 
the  fact  that  at  the  end  of  electrolysis  In  this  particular  case  the  c.d.  was 
higher,  which  facilitated  the  oxidation  of  part  of  the  manganate  to  ^rmanganate. 
Near  the  anode,  where  a  certain  acidification  of  the  solution  occurred,  part  of 
the  manganate  oxidized  to  permanganate,  and  since  the  solubility  of  permanganate  •- 
In  strong  alkali  is  very  small  It  crystallized  and  deposited  on  the  anode.  Some 
of  these  crystals  fell  off  and  accumulated  on  the  floor  of  the  cell.  The  current 
yield  of  potassium  manganate  was  27.7^.  The  permanganate  crystals  were  dissolved 
and  their  quantity  determined;  the  result  Indicated  a  current  yield  for  perman¬ 
ganate  of  8.8^.  The  total  product  yield  was  8l^.  The  results  of  two  additional 
experiments  are  set  forth  In  Table  11. 


TABLB  11 

Besults  of  experiments  of  anodic  solution  of 
manganese  In  solution  of  KOH, 

Duration  of  experiment  43  hours.  Temperature 
of  experiment  28*.  Electrolyte  volume  70  nil, 
volume  of  electrolyte  participating  in  the 
experiment  350  ml. 


Effect  of  different  ad¬ 
ditions  to  the  electrolyte. 

All  experiments,  the  results 
of  which  have  been  given  In 
the  tables  above,  were  carried 
out  with  technical  KOH  and 
K^Oa,  the  composition  of 
which  corresponded  to  the 
generally  recognized  stan¬ 
dard  of  these  products.  In  ' 
Table  12  are  presented  the 
results  of  a  series  of  ex¬ 
periments  aimed  at  elucida-. 
ting  the  effect  of  some  ad¬ 
ditions  to  the  electrolyte. 
These  experiments  also  had 
the  objective  of  making  a  comparison  of  the  results  obtained  when  working  with 
technical  and  chemically  pure  alkalies.  Vhen  using  chemically  pure  alkali  the 
current  yield  rose  by  3-4^  compared  with  that  vhen  using  technical  KOH.  Use  of 
chemically  pure  alkali  thus  increased  the  product  yield  by  a  small  amount  (2-3^). 
Tnis  Is  confirmed  by  the  fact  that  the  formation  of  a  slime  in  the  anodic  solu¬ 
tion  of  manganese  Is  basically  a  consequence  of  the  process  of  Incomplete  oxi¬ 
dation  of  manganese  on  the  anode  and  the  reduction  of  part  of  the  manganate  on 


Voltage 

(V) 

C.D.  (A/dm2)  ! 

Current 
yield  for 
K2Mn04 

Current 
yield  for 
K>'ja04 

Product 

yield 

. 

On 

anode 

On 

cathode 

3. 0-3. 2 
3. 1-3. 2 

8.5 

8.0 

15.0 

13.3 

27.7 

25.0 

8.8 

6.2 

81 

SXCf\ _ 


the  cathode.  The  formation  of  a  slime  at  the  expense  of  the  reduction  of  man- 
ganate  Impurities  contained  In  technical  alkali  does  occur  to  a  small  extent.  The 
harmful  effect  of  the  presence  of  Impurities  In  the.  elecVolyte,  which  may  be  oxi¬ 
dized  at  the  expense  of  the  manganate,  was  confirmed  by  experiment.  This 'experi¬ 
ment  was  carried  out  by  adding  a  reductant  to  the  electrolyte  In  the  form  of  - 
Fe**-  In  this  case  the  manganate  formed  was  used  up  In  oxidizing  Iron  to  Fe*'.* 
wMch  was  reduced  again  at  the  cathode.  The  product  of  electrolysis  was  a  slime, 
and  there  was  no  manganate  In  solution.  Addition  of  Cl*  to  the  electrolyte  (in 
the  form  of  a  solution  of  KIl) ,  In  quantity  considerably  In  excess  of  the  usual  " 
Cl*  content  of  technical  alkali,  did  not  lower  the  product  yield.  Introduction 
of  SO4"  (in  the  form  of  K2S04)  likewise  had  no  considerable  Influence  on  the 
process  of  electrolysis.  Introduction  of  NH4*  (as  ammonium  sulfate)  lowered  the 
current  yield  by  6^.  These  additions  had  little  effect  on  the  product  yield. 

The  presence  In  solution  of  additional  oxidant  In  the  form  of  potassium  dl- 
chromate  had  no  Influence  on  the  process.  The  carbonate  Impurity  present  In 
chemical  caustic  alkali  should  not  have  a  negative  Influence  on  the  electrolysis 
since  carbcnate  solutions  appear  to  have  a  beneficial  Influence  on  the  process. 


TABLE  12 

Effect  of  additions  of  electrolyte  on  the  process  of 
anodic  solution  of  manganese  In  50^  KOH 

Quantity  of  KOH  solutions  for  all  experiments  JO  ml.  Temperature  l8*.  '  Potential 
3.1  V.  Anode  c.d.  7.h  A/dm^  cathode  c.d.  22  A/dm^. 


■  Electrolyte 


Technical  KOH,  solution  . 

+5  ml  saturated  solution 

KCl  . 

+3  nil  saturated  solution 

KCl . 

Chemically  +5  ml  saturated  solution 

pure  KOH,  '  K2SO4  . 

solution  +2  ml  saturated  solution 

K2SO4  . 

Without  additions  . 

+2  ml  saturated  solution 
^FeCl2 . 

Pure  KOH,  ^O/o  solution . 

Technical  KOH,  solution . 

Pure  KOH,  5^^  solution  +0.2  ml  saturated 

solution  K2Cr207  . 

Pure  KOH,  ^0^  solution  +1  ml  saturated 
solution  (NH4)2S04  . . 


Quantity  of  Mn  leaving 
the  anode  («r) 


I 

si 


0.028 


0.215 


O.2IH 


0.212 


0.2lh 


0.275 


0.0244 

0.018 

0.016 


0.018 


Manganate  not  forced 


0.154 

0.134 

0.214 

0.119 


0.011 

28.8 

0.012 

25.0 

0.015 

26.5 

,  0.011 

22.6 

SUMMARY 


1.  When  using  electrolytic  metallic  manganese  as  an  anode,  the  passivation 
of  the  electrode  which  had  made  it  impossible  to  use  aluminothermlc  manganese, 
ferromanganese,  sillcomanganese  and  other  widely  used  manganese  alloys,  for  the 
liToduction  of  permanganate  was  not  observed. 


2.  In  the  anodic  solution  o^v^-^enese  In  solutions  of  K2CO3  and  In  dilute 

solutions  of  KOHf  pernanganate  vas  foraed,  while  In  concentrated  solutions  of 
KOH,  nianganate  was  formed.  .  . 

3.  In  the  electrolysis  of  solutions  of  alkali  with  a  oianganese  anode^  in 
addition  to  soluble  manganese  compounds,  there  was  formed  a  slime  consisting 
mainly  of  manganese  dioxide.  In  concentrated  solutions  the  yield  both  for 

KMn04  and  for  IC2Mn04  was  higher  than  for  manganese  dioxide.  When  the  temperature  - 
was  raised  the  yield  of  slime  was  Increased. 

Use  of  technical  alkali  Instead  of  the  chemically  pure  material  gave 
a  slightly  (5-*^^)  lover  current  yield.  Iron  appears  to  be  a  harmful  Impurity. 

5*  Optimum  conditions  of  electrolysis  for  obtaining: 


Concentration  of  electrolyte 

(in'g/llter)  . . . . 

Temperature  (*C)  .1 . . 

Anode  c.d.  (in  A/dm^) . 

Distance  between  electrodes 
,  (in  mm)  . . 


K2Mn04  In  KOH 
solution. 

Saturated  or  neeirly 
saturated  solution 

15-20 

15-25 


10^04  In  IC2CO3 
solutions . 

300-350 

15-35 
3.5-10 . 
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6.  It  Is  possible  to  obtain  K2^kl04  and  KMn04  by  anodic  solution  of  electro¬ 
lytic  metallic  manganese  In  KOH  and  K2CO3  solutions  (technically  pure),  with  an 
energy  consumption  of  about  11  kwh  per  kg  of  product,  and  using  as  an  anode  80-905^ 
manganese. 
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METHOD  FOR  THE  SEPARATE  CATALYTIC  FREPARATIOH 
07  OXYGEN  AlfD  CHLORINE  IROM  Ca(C10)2 


V.  M.  Gallak 

As  long  as  one  hundred  years  ago  calcium  hypochlorite  vas  used  In  many 
tranches  of  Industry,  and  In  spite  of  extensive  literature  on  It,  Interest  In 
It  has  not  abated.  This  is  explained  above  all  ty  the  fact  that  the  calcium 
salt  of  hypochlorous  acid  contains  a  considerable  quantity  of  oxygen  and  chloride, 
which  can  be  extracted  from  it  comparatively  easily,  and  also  because  this  sub¬ 
stance  Is  a  comparatively  cheap  and  easily  accessible  product  which  stores  well.  ‘ 
Calcium  hypochlorite  Is  widely  used  for  bleaching  cellulose,  paper’,  textiles, 
etc.,  for  the  purification  of  crude  petroleum,  for  chlorination  In  industrial 
chemistry,  for  degassing,  for  disinfection.  In  photography.  In  laundering,  for 
obtaining  chlorine  and  oxygen,  etc. 

The  various  forms  In  which  Ca(C10)2  is  used  In  different  branches  of  Indus¬ 
try,  mainly  as  a  strong  oxidant,  created  the  need  for  a  method  of  Intensifying  ’ 
the  oxidation  processes,  with  the  assistance  of  various  activators  and  catalysts. 
Zakoshikov,  Nezhelskaya,  and  Pikhunova  [i]  proposed  a  series  of  activators:  hy¬ 
drogen  peroxide,  urea,  ammonium  salts  of  carbonic,  oxalic,  and  other  acids.  In¬ 
tensifying  the  oxidation  process  by  salts  of  hypochlorous  acid.  Certain  compounds 
of  the  metals  JJl,  Co,  Fe,  Cu,  to  [^-sa]  promote  the  catalytic  decomposition  of 
solutions  of  calcium  hypochlorite,  with  liberation  of  oxygen. 

The  objective  of  the  present  work  was  a  detailed  study  of  the  catalytic 
decomposition  of  calcl>im  hypochlorite,  the  selection  of  the  most  active  cata¬ 
lysts,  and  determination  of  the  optimum  conditions  for  carrying  out  the  given 
process.  We  will  not  dwell  upon  the  chemistry  of  the  oxidizing  action  of  hypo¬ 
chlorite  since  there  Is  a  very  extensive  literature  on  this  subject 

EXPERIMENTAL 

■  Production  of  oxygen,  tony  catalysts  were  tried,  among  which  were  Co,  Fe; 

Cu,  Ml,  to,  and  others.  Both  simple  and  binary  catalysts  were  examined  for  their 
catalytic  activity.  The  catalytic  action  Is  exerted  by  oxides  of  metals  (and 
not  by  the  metals  themselves  or  their  salts,  as  has  been  suggested  In  some  papers). 
Even  In  those  cases  where  any  of  the  metals  indicated  above  was  introduced  Into 
calcium  hypochlorite  to  promote  Its  decomposition  catalytlcally,  the  catalyst  was 
the  metal  oxide,  because  in  the  first  stage  of  the  reaction  the  oxide  of  the  metal 
was  formed  at  the  expense  of  part  of  the  oxygen  of  the  hypochlorite.  In  the 
second  stage  of  the  reaction  the  oxide  formed  causes  the  remaining  Ca(C10)2  to 
decompose.  This  observation  opened  the  possibility  of  preparing  any  catalyst 
from  compounds  of  heavy  metal,  simply,  rapidly,  and  cheaply. 

In  order  that  the  nature  of  the  catalysts  experimented  with  shall  be  clear, 
we  will  dwell  a  little  on  the  process  of  their  preparation. 

For  preparing,  for  example,  a  manganese  catalyst,  10  g  of  dry  powdered 
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Ca(C10)2  vas  taken  and  aftervards  a  certain  quantity  of  any  nanganese  salt 
soluble  in  water,  the  quantity  helng  such  as  to  contain  0,8  g  of  metallic 
canganese.  The  weighed  manganese  salt  was  dissolved  in  .10  ml  of  water  and 
Ca(cio)2  was  added  to  the  solution  with  stirring.  The  reaction  which  oc-' 
curred  may  he  formulated  thus:  Ca(C10)2  +  MnCl2  Mn02  +  CaCl2  +  Cle. 

After  completion  of  the  reaction  the  reacting  mass  was  dried,  then  ground,  • 
and  the  catalyst  was  ready  for  use.  The  majority  of  the  catalysts  described 
below  were  prepared  in  this  way.  (We  did  not  happen  accidentally  on  this 
method  of  preparing  catalysts.  Those  which  were  prepared  thus  were  more 
active  than  catalysts  from  pure  metal  oxides).  The  binary  catalysts  were 
prepared  in  exactly  the  same  way.  Salts  of  various  metals  were  taken  in  the 
necessary  ratio  (based  on  the  weight  of  the  metals),  in  general  the  quantity 
taken  gave  a  weight  of  0.8  g  per  10  g  of  Ca(C10)2«  The  mixture  of  salts  was 
treated  as  in  the  case  of  manganese.  The  catalysts  described  were  mixtures 
of  the  metal  oxides  and  calc  lira  salts,  the  anion  of  which  was  in  the  main  the 
anion  of  the  salt  of  the  heavy  metal  taken.  The  majority  of  the  catalysts 
were  prepared  from  metal  chlorides. 

Examination  of  the  catalysts  for  activity  was  made  by  comparing  the  rate 
and  intensity  of  the  catalytic  decomposition  of  Ca(C10)2>  this  being  deter¬ 
mined  by  the  quantity  of  oxygen  liberated  each  minute  from  Ca(C10)2!  Ca(C10)2 

CaCl2  +  02* 

•  The  practical  evaluation  of  the  activity  of  a  catalyst  is  illustrated 
by  the  following  example:  25  g  (accurately  weighed)  of  Ca(C10)2  ^  were  taken 
and  to  it  were  added  1  g  of  the  catalyst  under  investigation;  after  care¬ 
fully  mixing  the  powders  together  they  were  transferred  to  a  round-bottomed 
flask.  After  this  the  mixture  of  powders  was  treated  with  15  ml  of  water  and 
the  flask  closed  by  a  cork  with  a  tube  to  lead  off  the  gas,  the  other  end  of 
the  tube  being  Inserted  into  a  graduated  gasometer,  filled  with  water.  After 
the  flask  vas  closed  it  vas  heated  on  a  boiling  water  bath  and  timed  with  a 
stop  watch.  The  amount  of  oxygen  collected  in  the  gasometer  vas  noted  at  the 
end  of  each  minute.  The  quantity  of  oxygen  liberated  each  minute  fr.om  the 
Ca(C10)2  taken  served  as  a  measure  of  the  comparative  activity  of  the  catalyst 
being  examined. 

A  large  number  of  catalysts  were  examined  in  this  way,  including  Co,  Fe, 

Cu,  Ni,  Mn,  etc. 

Among  the  single  catalysts  the  best  results  were  shown  by  cobalt  catalysts 
[9].  The  binary  catalysts  shoved  greater  activity  than  the  single  ones.  For 
example,  for  the  very  strong  pair  Co:Fe  (Table  1)  we  show  the  effect  of  varying 
the  relative  quantities  of  the  components  on  the  activity  of  the  resulting  cata¬ 
lysts. 

Let  us  turn  our  attention  to  Catalyst  No.  43  [^^].  This  is  a  cobalt-iron 
catalyst,  in  which  the  weight  ratio  of  the  components  (calculated  as  metal)  is 
3:2,  This  binary  catalyst  caused  a  more  rapid  and  intense  initial  catalytic 
decomposition  of  Ca(C10)2  in  water,  while  the  reaction  continued  at  a  good  tempo 

^)  The  Ca(C10)2  with  which  we  worked  contained  (in  ^) ;  active  chlorine 
45.2,  CaO  (general  quantity)  45.02,  Ca(0HJ2  (general  quantity^ Cl  (general 
quantity)  30.56,  I'{gO  O.56,  R203(Fe203  +  AI2O3)  O.3,  residue  insoluble  in  HCl, 

2.26. 

Analysis  carried  cut  according  to  State  Standard  1692-46. 
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•  .  TABLE  1 


Effect  of  the  composition  of  the  catalyst  on  Its  activity 


Cata=j 

1 

Composition  of 
catalyst  1 

Quantity  of  Op  (in  ml)  liberated  per  mimitfl 

Total  O2  ■ 

lyst 

Time  (in  minutes) 

liberated 

No.  ! 

1  1  1 

_  2  I 

3.  1-  k  1 

^  i 

6  1 

1  i 

(in  ml) 

25  j 
1,2  ! 

>.3  1 
30 

44  ! 

45  1 

46  1 

Co . 

Co  +  Fe  (4:1)  . 

Co  +  Fe  (3:2)  . 

Co  +  Fe  (2. 5:2. 5)  . 

Co  ♦  Fe  (2:3)  . 

Co  +  Fe  (1:4)  . 

Fe . .  1 

600  1 
625  1 

775 
600 
430 
250  1 

65 

i  1000 

1125 

1000 

1025 

925 

575 

85 

500  j  100  1 
350  -  25 
325  100 

375  100 

500  200  1 

j  675  300  1 

1  100  1  150 

: 

200 

i_i25 

100* 

5? 

50 1 

2200 
2125 
2200 
-*  2160 
2075 
2100 
.  825 

Since  Catalyst  No.  43  vas  more  active  than  many  of  the  catalysts  Investigated, 

It  vas  decided  to  make  a  more  detailed  study  of  its  basic  properties.  We  carried 
out  a  series  of  experiments  to  study  the  effect  of  the  quantity  of  catalyst  on 
the  rate  of  decomposition  of  Ca(C10)2.  ■  •  . 

In  Table  2  are  set  forth  the  results  of  experiments  which  confirm  the  direct 
dependence  between  the  quantity  t.f  catalyst  and  the  rate  of  reaction.  The  table 
can  be  of  practical  use  to  Indicate  the  amount  of  catalyst  that  must  be  taken  In 
order  to  get  the  desired  rate  of  liberation  of  gas  from  Ca(C10)2  catalytic 
decomposition.  .  •  .  •  - 

To  study  the  effect  of  temperature  on  the  rate  of  catalytic ;  decomposition 
of  Ca(C10)2  a  series  of  experiments  vas  carried  out  at  temperatures  of  20-100* 

In  which  1  or  2  g  of  catalyst  were  mixed  with  25  g  of  Ca(C10)2»  The  results  of 
these  experiments  can  be  seen  In  Table  3» 

This  table  can  also  be  utilized  for  selection  of  the  conditions  under  which 
the  decomposition  of  Ca(C10J2  should  be  conducted  In  order  to  get  the  necessary 
(specified)  rate  of  reaction.  It  jshould  be  mentioned  here  that  for  Intensifi¬ 
cation  of  oxidation  with  Ca(C10)2  it  is  necessary  to  use  a  small  quantity  of 
the  catalyst  described  at  comparatively  low  temperatures;  whereas  to  get  oxygen 
a  large  quantity  of  catalyst  at  a  higher  temperature  should  be  utilized.  The 
necessary  conditions  can  lie  selected  with  the  aid  of  Tables  2  and  3» 

V 

We  studied  separately  the  stability  of  mixtures  of  Ca(C10)2  and  the  cata¬ 
lyst  on  storage.  If  Ca(C10)2  and  Catalyst  No.  43  are  dried  separately  at  80-90* 
and  afterwards  mixed,  then  this  mixtuie  Is  completely  stable  and  can  be  stored 
practically  for  years  without  change.  Only  access  of  moisture  to  this  mixture 
can  cause  a  catalytic  decomposition  of  the  Ca(C10)2*  When  working  with  the 
catalyst  described,  the  question  naturally  arises  as  to  what  would  be  the  cata¬ 
lytic  activity  of  pure  oxides  of  metals  and  of  their  mixtures. 

It  can  be  said  immediately  that  catalysts  of  pure  metal  oxides  are  Inferior 
In  activity  to  the  catalytic  nixtures.  The  excellence  of  the  catalytic  activity 
of  the  mxitures  may  be  explalnea  by  the  fact  that  low-solubility  compounds  of 
calcium,  such  as  carbonate,  hydroxide  and  other  minerals  act  as  supports  for 
the  catalysts,  and  this  is  re'flected  positively  in  their  activity.  The  support 
facilitates  an  Increase  in  the  dispersion  of  the  catalyst  itself,  by  increasing 
its  active  surface.  .... 

When  all  the  basic  questions  connected  with  the  properties  and  behavior  of 
the  catalysts  stn'ic--  h'x  been  clarified.  It  appeared  desirable  to  return  to  the 
question  of  the  temperature;  of  the  reaction  of  the  catalytic'  decomposition  of 
Ca(C10)2. 
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It  vas  Interesting  to  see  if  It  vere  possible  to  conduct,  this  process 
without  the  use,  of  external  heat  at  the  shme  intensity  as  when  It  was  heated. 

For  this  we  used  the  well  known  exothercal  reaction  -  the  slaking  of  lime: 

CaO  +  H2O  “>  Ca(0H)2  +  16  kcal  [to].  -  ' 

•  As  this  reaction  is  completely  compatible  with  the  basic  reaction^  neither 
of  them  affecting  the  progress  of  the  other  we  considered  It  was  possible'  to  con¬ 
duct  a  series  of  experiments  on  self -heating  reaction  mixtures  with  the  help  of 
the  reactions  mentioned.  .  *  '  *  '  '  •  ' 

Inthese  experiments  25  g  of  Ca(C10)2  was  taken,  1  g  of  Catalyst  No.  43  and 
a  weighed  amount  of  CaO,  commencing  with  1  g  and  ending  with  40  g  (grain  size 
of  CaO  up  to  1  cm).  It  was  established  empirically  that  besides  the  usual  I5 
ml  of  water  it  was  necesseury  to  add  1  ml  of  water  for  every  1  g  of  CaO  (this 
Is  considerably  larger  than  the  stoichiometric  quantity) .  These  experiments, 
like  all  the  remaining  ones,  were  conducted  with  a  thermometer  Inserted  Into 
the  reaction  mass,  and  each  minute  there  was  noted  the  volume  of  oxygen  liber¬ 
ated  (numerator  in  table),  and  the  temperature  in  the  reaction  mass  (denominator 
In  table).  The  results  of  these  experiments  are  collected  In  Table  4. 

As  can  be  seen  from  Table  4,  the  highest  temperature  was  developed  In 
experiments  with  Ca(C10)2/CaO  (ration  of  1:1  per  25  g).  A  glance  at  the  table 
shows  that  the  amount  of  oxygen  liberated  by  the  calcium  hypochlorite  considerably 
Increases  In  sequence  with  the  experiments.  In  all  previous  experiments  the 
quantity  of  oxygen  vas  equal  to  around  2,200  ml,  when  heated  externally.  In  these 
^^^aricents  this  quantity  began  to  Increase  and  In  the  later  experiments  we  got  a 
yield  of  2,510  ml  of  oxygen.  We  can  explain  this  by  the  deeper  heating  of  each 
particle  of  reaction  mixture  -  deeper  than  when  heating  the  flask  externally.  It 
Is  evident  that  a  definite  role  Is  played  here  In  that  the  last  three  experiments 
were  carried  out  with  CaO,  the  size  of  the  grains  of  which  vas  equal  to  1  -  3  mm 
and  such  a  calcium  oxide  keeps  better  and  longer  than  a  powdery  one. 

It  canVoe  seen  from  the  table  that  In  experiments  with  external  heating  the 
Initial  stage  of  the  reaction  Is  more  Intense  than  when  hea'tlng  with  lime.  This 
Initial  sluggishness  of  the  process  cay  be  eliminated  If  a  small  quantity  of 
sodium  peroxide  Is  added  to  the  charge.  The  latter  reacts  energetically  and  exo- 
thermally  with  water,  and  gives  a  thermal  Impulse  to  the  basic  reaction.  'A  simpler 
means  of  overcoming  the  initial  slowness  of  the  reaction  can  be  used,  namely; 
adding  pre-heated  water  to  the  reaction  mixture.  This  simple  but  radical  means 
permits  the  more  Intensive  production  of  oxygen  from  the  very  start  of  the  re¬ 
action.  .  * 

In  order  to  complete  that  part  of  the  experiments  which  relate  to  the  pro- 
•  ductlon  of  oxygen  we  prepared  a  reactive  mixture  of  average  activity  (Table  4‘, 
Experiment  6)  In  order  to  study  the  fall  of  Its  activity  with  time.  •  .  . 

The  composition  of  the  mixture  vas  as  follows;  1)  Ca(C10)2  (dried  at 

80-90®  for  5  hours)  -  I50  g;  2)  CaO  (grain  size  up  to  1  mm)  -  120  g;  3) 
catalyst  -  6  g.  '  ^ 

After  careful  mixing,  the  prepared  mixture  was  transferred  to  a  clear  glass 
bottle  with  a  ground  stepper,  and  stored  In  diffused  daylight  at  an  air  tempera¬ 
ture  of  20-25*.  In  the  course  of  the  first  three  months  the  mixture  vas  examined 
every  month,  and  subsequently  once  each  year.  For  each  test  46  g  of  mixture  (its  . 
composition;  25  g  Ca(C10)2  +  20  g  CaO  +  1  g  catalyst)  and  35  ml  water  were  taken. 
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Temperature 


TABLE  k  • 

regime  of  the  reaction  of  catalytic  decomposition  of  Ca(C10)2 


Qxiantitles  of 
Ca(C10)2  and 
CaO  (in  g) 

Quantity  of  O2  (in  ml  )  liberated  per  minute  (in  numer-  I 

ator)  and  temperature  of  mixture  (in  degrees)  at  each  *  . 

minute  (in  denominator)  '  '  1 

.  Time  in  minutes  i 

1 

2 

3 

3 

7 

a 

9 

10 

11 

12 

13 

mm/m 

25+1 

30 

27 

40 

31 

30 

33 

60 

35 

JO 

39 

Bo 

’90 

lOO 

51 

55 

ihi 

59 

190 

"52 

170 

“54 

160 

“55 

■ 

25+5 

30 

29 

40 

33 

n 

100 

50 

55 

l40 

“5I 

160 

"55 

IJO 

70 

200 

74 

150 

75 

120 

77 

1 

25+5 

33 

35 

8 

150 

50 

200 

59 

240 

72 

250 

81 

210 

54 

180 

“55 

100 

"35 

80 

S3 

60 

5i 

30 

79 

■ 

25+10 

33 

37 

n 

170 

55 

250 

■^7 

250 

210 

“51 

200 

54 

180 

“55 

16c 

“53 

100 

90 

70 

S9 

ii 

■ 

25+15 

60 

39 

100 

■E9 

170 

~id 

210 

72 

220 

79 

240 

59 

276 

95 

260 

99 

220 

100 

90 

101 

Jhl 

100 

20 

99 

■ 

25+20 

\ 

50 

100 

47 

160 

57 

2C0 

2U0 

13 

280 

“55 

UOO 

97 

160 

101 

270 

103 

145 

104 

Io5 

20 

103 

— 

■ 

25+25 

60 

^2 

120 

~55 

180 

220 

■73 

420 

99 

400 

IO5 

230 

107 

0 

cvj  0 

80 

107 

20 

-105 

( 

[ 

25+30 

23 

31 

50 

100 

57 

220 

400 

13 

700 

99 

500 

101 

500 

101 

110 

100 

— 

— 

— 

25+35 

20 

29 

hi 

34 

!! 

260 

I5 

200 

90 

700 

450 

102 

200 

103 

40 

102 

— 

— 

25+40 

20 

29 

30 

34 

hi 

43 

§1 

52 

100 

62 

200 

73 

3S0 

■sj 

700 

98 

600 

101 

280 

102 

60 

101 

100 

— 

It  should  he  mentioned  that  on  prolonged  drying  of  Ca(C10)2  "the  quantity 
of  active  chlorine  fell,  for  example  to 

The  results  of  the  checking  experiments,  which  extended  over  2  years,  are 
shown  In  Table  5. 

As  Is  evident  from  Table  "the  mixture  for  the  production  of  oxygen  was 
extremely  stable.  The  quantity  of  oxygen  liberated  scarcely  changed  In  the 
course  of  2  years  (within  the  limits  of  experimental  error). 

For  the  practical  utilization  of  the  oxygen-generating  mixture  It  Is  con¬ 
venient  to  prepare  It  In  the  form  of  tablets,  by  pressing  or  briquetting.  For 
briquetting,  the  pow’der  mixture  was  wetted  with  a  solution  of  colophony  In  very 
dry  dlchloroeth^ane,  the  briquettes  were  formed  and  subsequently  dried  without 
exposure  to  carbon  dioxide  or  water  vapor. 

Production  of  chlorine.  In  the  chemical  literature,  particularly  In  the 
patent  literature,  many  methods  for  obtaining  chlorine  from  chloride  of  lime 
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TABI£  k 

Temperature  regime  of  the  reaction  of  catalytic  decomposition  of  Ca(ci0)2 


Oiiftiitity  of  O2  I  in  ml  }  liberated  per  minute  (in 
numerator)  and  temperature  of  nlxtiure  (in  degrees) 
at  each  minute  (in  denominator) 

Time  In  minutes 


Total  Oa 
liberated 
(in  ml  ) 


.2275 


—  I  —  —  1—  .i  —  1  2510  . 

and  calclxim  hypochlorite  are  encountered.  ’  ' 

Winkler's  method  Is  most  vorthy  of  mention  [sb],  •• 

We  observed  that  In  the  catalytic  decomposition  of  Ca(C10j2  vater  only 
oxygen  vas  liberated,  but  vhen  Ca(C10)2  'as  heated  In  the  presence  of  these 
catalysts  It  decomposed  with  liberation  of  chlorine.  Th&  production  of  chlorine 
by  the  catalytic  decomposition  of  Ca(C10)2  is  even  simpler  than  that  of  oxygen.. 

Take,  for  example,  25  g  of  dry  Ca(C10)2  add  to  It  1  g  of  Catalyst  No. 
^5.  After  nixing  the  powders,  transfer  them  to  a  round -bottomed  flask,  and 
clos^  It  with  a  cork  carrying  a  gas-outlet  tube.  The  gas  Is  collected  over  a 
saturated  aqueous  solution  of  salt.  The  flask  Is  placed  on  a  sand  bath  or  an 
electric  hot  plate  covered  with  asbestos.  On  heating  the  flask,  for  example 
to  So*  f  chlorine  begins  to  be  liberated.  This  liberation  proceeds  with  great 
vigor;  and  therefore,  as  soon  as  gas  begins  to  come  off  the  plate  should  be 
switched  off.  The  bulk  of  the  chlorine  is  liberated  between  60-70*.  When  the 
rate  of  generation  of  gas  begins  to  slacken,  the  hot  plate  may  be  switched  on 
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TABLE  5  ? 

Pesults  of  experiments  to  confirm  the  stability  of  the  reactlpn  mixture 

on  long  storage  -  •  .  .  •  .  -  '•  : 


Expt. 

Ho. 

Temperaturt! 
of  water 
(in  deg.) 

Date  1 

of  ex-  j 
perlment  j 

..  ....  ^  ^ 

Quantity  of  O2  (In  ml)  liberated  per  minute 

(numerator)  and  temperature  of  reaction  liquid .  1 

for  every  minute  of  reaction  (in  deg.)  (denqm-,  _  I 

inator) 

Time  (in  min,^ 

2 

‘  3 _ 

.  3 

6  J 

I  \  M 

1 

*  I  '  ■  ■ 

19  _  |4/i4/1947 

200 
"So  1 

■  520  ! 
87  j 

1 

ijo 

97 

m  1 
10} 

420 

107 

120 ' 

107.5 

' 

2 

i  ■  1 

21  |3/iU/19>‘7 

m 

57 

200 

■75 

92 

m 

99 

U50 

105 

250 

107 

3 

.  •  (' 

22  .  '6/14/1947 

i 

77 

_ _ _ I 

325 

95 

U50 

102 

2^ 

107 

4 

1  1  ■ 

I  27  |7/17/1947 

200 

70 

%“ 

400 

,-95 

425 

101 

400 

105 

225 

107 

■ 

107 

5 

23  !^^/i4/1948 

!  I 

80 

31 

100 

I 

140 

-ra 

260 

i 

280 

74 

560 

95 

6 

!  r 

1  21  tfA^A949 

.  *  "  '  •  i 

!  50 

32 

s 

i  100 

1  120 
■55 

1 

i  130 
65 

160 

i 

119 

79 

1  ' 

again  and  the  residual  chlorine  liberated  by  heating  the  reaction  mass  to  120*. 
The  quantity  of  chlorine  liberated  Is  the  same  as  that  of  oxygen  In  the  earlier- 
described  experiments  (for  the  sane  weight).  Chlorine  obtained  In  the  manner 
described  contains  a  small  quantity  of  oxygen  as  an  impurity.  ^ 

The  decomposition  of  Ca(C10)2  Involving  the  liberation  of  chlorine  Is  con¬ 
siderably  accelerated  both  by  the  copper-cobalt  catalyst,  and  also  by  an  Iron- 
cobalt  one,  however,  with  a  smaller  cobalt  content  (Co:Fe  =  1:4). 

From  the  experimental  results  we  see  that  either  oxygen  or  chlorine  may  be 
obtained  from  Ca(C10)2,  depending  on  the  conditions  and  using  one  or  another  of 
the  catalysts. 


SUl-MARY  .  ^ 

1.  The  possibility  of  catalytic  activation  of  the  process  of  oxidation 

by  hypochlorites  with  the  aid  of  small  quantities  of  catalyst  at  low  temperatures, 
and  also  the  production  of  oxygen  by  using  large  quantities  of  catalyst  at  higher 
temperatures,  has  been  demonstrated.  •,  ...  j 

2.  It  has  been  shown  that  Ca(C10)2  and  oxides  of  some  heavy  metals  (cata¬ 

lysts)  are  completely  passive  to  one  another  when  stored  together  In  the  dry 
state.  ..  .  .  -  ■  .  .  .  .  *  -  ....  •  . 


J.  It  has  been  confirmed  that  the  catalysts  are  hot  salts  of  the  heavy 
metals,  but  oxides  of  these  metals.  .  .  . 


4.  The  method  Indicated  can  replace  the difficultly  available  KCIO3  (for  ob¬ 
taining  oxygen)  and  the  mixture  of  manganese  dioxide  and  ECl  (for  obtaining 
chlorine)  by  the  cheaper  and  more  easily  available  Ca(C10)2* 
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TABLB  5 


Results  of  experiments  to  confirm  the  etahlllty  of  the  reaction  mixture 

on  long  storage 


1  Quantity  of  O2  (In  ml)  liberated  per  minute  j 

J  (numerator)  and  temperature  of  reaction  liquid  | 

1  for  every  minute  of  reaction  (in  deg.)  (denom^  '  i 

‘  ■  Inator)  •  •  '  I 

Total  O2 
liberated 
(in  ml) 

V 

1  _ 

.  Time  (In  min)  '  .  1 

1  8.1 

9 

_ _ 10 

11  - 

12 

13 

14 

15  ! 

1  i 

1  ^^7.5 

20 

107 

- 

■ 

1 

2^0 

t 

« 

1 

1  107  1 

40 

107 

■ 

, 

■ 

2125 

1  ^ 

40 

107 

20 

- 

. 

2125 

1 

_i5 

105 

- 

' 

N 

2140  j- 

1 

1  520 

1  97 

1  ^ 

-52 

99 

- 

55 

1  99 

98 

- 

•  2200  .1 
'  *  •  *  i 

!  200 

i  250 

91 

250 

m 

97 

200 

80 

97.5 

52 

97 

20 

1  2150 
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GRAPHICAL  METHOD  OF  CALCULATEiG  SYSTEMS  OF  CONTEiUOUS  ACTION  APPARATUS 
,  FOR  LIQUID  PHASE  REACTIONS  ’ 


I.  V,  Pfovlnteev 


In  recent  years  apparatus  and  systems  of  apparatus  for  conducting  reactions 
continuously  have  achieved  wide  use  In  modern  Industry  for  the  realization  of  or¬ 
ganic  syntheses.  ,  .  . 

For  a  number  of  similar  processes  continuous  reactors  were  Introduced  some 
10  years  ago  for  reactions  In  the  liquid  phase.  The  absence  of  a  method  .of  cal¬ 
culating  such  apparatus  led,  until  quite  recently,  to  their  design  by  copying 
existing  apparatus  and  to  some  purely  empirical  Improvements  of  them. 

In  recent  years  the  Soviet  scientists  Planovsky  [^]  and  Kirillov  [2,3]  worked 
out  a  basis  for  calculating  Individual  cases  of  continuous  reactors.  In  the  pre¬ 
sent  work  the  objective  Is  to  extend  the  work  of  the  above  two  authors  In  the 
field  of  calculation  of  continuous  reactors,  and  to  permit  the  use  of  a  graphical 
calculation  of  a  general  type  of  apparatus  In  which  to  carry  out  any  reaction. 

In  any  reactor  with  a  stirrer  the  latter  serves  for  the  mixing  of  the  re¬ 
action  mixture  and  for  the  creation  of  a  definite  circulation  in  the  apparatus^ 

In  this  mixing  the  reacting  components  come  under  the  action  of:  l)  differential 
velocity  of  movement  of  the  surfaces  undergoing  circulation  and  the  reacting 
liquid;  and  2)  differences  In  rate  of  movement  of  separate  layers  of  liquid 
along  all  the  circulation  contours. 

Depending  upon  the  construction  of  the  mixer,  the  circulation  of  the  re¬ 
action  mixture  In  the  apparatus  will  have  a  different  character.  The  charac¬ 
teristics  of  the  circulation  of  the  reaction  mixture  Inside  the  apparatus  may  be 
divided  Into  three  groups. 

1.  Apparatus  with  Ideal  circulation.  In  this  apparatus  any  particle  of 
the  reaction  mixture  follows  one  and  the  samo  circulation  contour,  l.e.  the 
period  of  residence  of  each  particle  In  the  apparatus,  from  the  moment  of  re¬ 
jection  by  the  mixer  to  the  moment  of  becoming  entrained  again.  Is  the  same 
(identical  period  of  reaction)  (Fig.  Ij.  ' 

2.  Apparatus  with  normal  circulation.  In  this  apparatus  each  portion  of 
reaction  mixture  has  Its  own  special  circulation  contour  passing  through  the 
mixing  zone,  and  the  period  of  reaction  of  one  portion  Is  not  equal  to  the 
period  of  reaction  of  another  portion. 

Each  portion,  proceeding  along  its  own  circulation  contour,  passing  re¬ 
peatedly  Into  the  mixer,  has  its  own  degree  of  completion  of  the  reaction, 
differing  from  the  degree  of  completion  of  the  reaction  In  neighboring  por¬ 
tions.  The  general  degree  of  completion  of  the  reaction  In  this  appeiratus 
(periodic  action)  may  be  expressed  thus: 


Xo  •“  Xk  » 


A(xJ  -  Xk), 


V 


I 


vhere;  n  Is  the  number  of  portions  having  Individual  periods  of  circulation; 
n  is  the  number  of  the  periods  of  circulation  of  each  portion;  ^(xq  -  Xj^)  is 
the  degree  of  completion  of  the  reaction  for  one  portion  in  one  period  of  cir¬ 
culation.  ... 


Consequently  this  apparatus  can  be  looked  on  as  an  apparatus  with  ideal 
circulation,  taking  an  average  value  for  Xq  -  (Fig..  2). 

3.  Apparatus  involving  closed  circulation.  In  this  apparatus  some  of 
the  particles  do  not  fall  into  the  mixing  zone"  and  are  not  rejected  by  it  and, 
at  the  expense  of  the  kinetic  energy  of  the  particles,  move  as  a  rule,  in  a 
closed  circulation  contour  (dead  space)  (Fig.  3)»  Such  a  phenomenon  is  very 
undesirable  in  apparatus  Involving  reaction  processes,  especially  reactions  in 


vhich  there  is  a  dancer  of  exnloslon. 


Fig.'  1.  Apparatus  with  ideal 
circulation. 


Fig.  3-  Apparatus  with  double 
circulation.  A  =  dead  zone. 


Fig.  2.  Apparatus  with  normal' 
ciroulation.- 


Fig.  U.  Calculation  of  apparatus  for 
continuous  action.  ACAAA  Q  =  Vq  =  max  V; 
ACD’  E*  Q>V;  1  -  to  =  42  ;  2  -  t^  =  . 

3  tr  -  4  tj,  . 


For  the  determination  of  conditions  under  vhich  continuous  reactions  should 
be  carried  out,  we  assume  the  condition  that  the  apparatus  being  analyzed  works 
in  the  first  or  second  group  with  an  average  value  of  concentration  in  the  appar¬ 
atus.  When  continuous  processes  of  reaction  are  carried  out  in  apparatus  the 
following  phenomena  occur. 


Inside  the  apparatus  the  initial  component  continuously  enters  the  mixer  with 


..j. 
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an  initial  concentration  Xq  in  quantity  V  in^/hr,  and  a  quantity  V  m®/  hr  leaves 
the  apparatus  at  the  concentration  Xj^.  The  reacted  liquid  also  returns  to  the  ' 
mixer  at  a  concentration  Xj^  and  quantity  Q  —  V  m^/hr  where  ^  *  capacity  of  the 
circulation  Impeller  (stirrer)  in  the  apparatus,  •  Different  quantities  of  liquids 
with  different  concentrations  are  mixed.  -  .  . 

The  average  concentration  of  the  mixture  at  the  moment  when  mixing  8t€Lrts 
may  he  determined  from  the  mixing  equation,  i.e.: 

.  •  '  ■  (a)  : 

If  the  working  volume  of  the  apparatus  is  equal  to  m®,  the  ration  v/(l 
may  be  deduced  as  follows. 

Dividing  and  multiplying  V/Q  by  the  volume  of  the  apparatus  Va  the  ratio 
Va/Q  will  be  determined  by  the  average  period  of  circulation  of  the  mixture  in 
the  apparatus  t^.,  and  the  ratio  Va/V  will  be  determined  by  the  average  time  of 
residence  of  the  mixture  in  the  apparatus  t^y*  ^  this  case  equation  2  takes 
the  form: 

Xg^v.  *  ^  ^  ^k*  (2*) 


Calculations  of  continuous  acting 


iratus 


It  follows  from  Equation  (2*)  that  the  fall  of  concentration  is  quite 
directly  proportional  to  the  ratio  V/Q  or  t^^/tr#  i.e.  the  dependence  is  deter¬ 
mined  by  similar  triangles.  On  the  other  hand  the  plot  of  t-X  for  all  reactions, 
excluding  those  of  zero  order,  is  a  curve.  The  simultaneous  solution  of  these 
two  conditions  permits  the  calculation,  graphically,  both  of  continuous  acting 
apparatus  and  also  systems  of  such  reactors.  This  can  be  done  as  follows: 

Let  us  assume  that  we  have  the  graph  t-X  for  any  process  of  reaction  (Fig, 
^),  and  also  that  the  capacity  of  the  apparatus  is  specified  along  with  the 
initial  and  final  concentration  of  products,  the  specific  generation  of  heat  and 
the  temperature  of  the  process  in  the  apparatus.  It  is  required  to  determine: 
the  volume  of  the  apparatus,  the  concentration  of  the  mixture  In  process  of  re¬ 
action  in  the  apparatus,  and  its  relative  coefficient  of  useful  work.^ 

1.  Determine  from  the  conditions  of  heat  balance  the  output  of  the  mixer 
Q  m®/hr. 

2.  Determine  the  average  concentration  of  the  mixture  in  the  apparatus 
from  Equation  (2'). 

3.  Lay  off  X^y^  on  the  ordinate  axis  and  draw  a  horizontal  line  to  Inter¬ 
sect  the  t-X  curve.  *The  point  of  intersection  will  be  the  point  which  Indicates 
the  concentration  of  the  mixture  In  the  apparatus.  The  Intercept  C-B*  gives  the 
period  of  reaction.  From  here  we  determine  the  required  volume  Of  the  apparatus, 

i.e.; 

The  intercept  B-C  of  the  curve  is  the  working  portion  of  the  curve  along 
which  the  process  of  reaction  produces  a  fall  In  concentration.  The  intercept 
A-B  represents  the  loss  in  concentration. 

^)  In  the  rest  of  this  paper  this  coefficient  of  useful  work  of  the  appar¬ 
atus  is  shortened  to  CUW. 


Draw  a  straight  line  through  the  points  D  and  C  to  Intersection  with  the 
horizontal  drawn  through  the  point  A.  From  the  construction  it  Is  seen  that 
the  line  D'— E'  Is  the  complete  fall  of  concentration  Xq  —  Xj^.  Consequently 
the  Intercept  C-E*  should,  according  to  Equation  (2')f  he  the  quantity  t^V.  * 

7a/V.  By  this  means  we  can  confirm  the  correctness  of  our  construction  since 
the  value  V  obtained  from  the  graph  should  correspond  with  the  value  V  assumed 
hy  us. 

Variation  in  Xg^y^  changes  the  inclination  of  the  line  C-D-D.  The  magni¬ 
tude  tav.#  Inversely  proportional  to  the  output  of  the  apparatus.  Increases 
vlth  decreasing  XaY.  and  it  decreases  with  increasing  Xav. 

With  increasing  output  of  the  stirrer,  the  value  t^  =  will  decrease.^ 

Consequently  the  points  of  Intersection  (C  and  B)  of  the  line  C-B-D  with  the 
curve  A“B-C  will  he  near  to  one  another.  Under  the  condition  of  ensuring  the 
final  concentration  Xj^  the  point  B  becomes  very  near  to  the  point  C  and  the 
intersection  of  the  lines  C-B-D  with  the  line  A“D  is  displaced  towards  the 
lf»ft,  and  the  intercepts  C-E'  determined  by  the  value  t^y,  and  V,  will  Increase. 
Consequently,  the  time  of  residence  tav,  will  likewise  increase,  and  the  output 
of  the  apparatus,  V,  will  diminish. 

Thus  with  Increase  In  £  the  value  X^y^  will  dlminlch;  together  with  this 
the  output  of  the  apparatus  will  also  diminish  and  for  £  — >  ^  the  output  of  the 
apparatus  will  approach  a  minimum.  In  this  case  the  line  C-B-D  coincides  with 
the  line  tangent  to  the  curve  at  the  point  C. 

This  conclusion  is  in  complete  agreement  with  the  analytical  conclusions 
from  the  concentration  equation  for  reaction  processes  in  apparatus,  which  in¬ 
dicate  that  with  increase  of  Q  to  <»,the  concentration  of  the  mixture  approximates 
the' final  concentration,  l.e.  Xav.  and  the  output  of  the  apparatus  approaches 

a  minimum  (Fig.  4). 

With  Increase  of  the  value  Xav.  the  output  of  the  apparatus  will  Increase  and 
approach  its  maximum  value  at  the  moment  when  Xav. agrees  with  the  value  Xq,  l.e. 
when  the  quantity  of  circulating  liquid  in' the  apparatus  is  zero  and  the  apparatus 
is  thereby  converted  to  one  of  ideal  circulation. 

Consequently  and  reciprocally  it  is  necessary  to  introduce  such  a  quantity 
as  will  guarantee  the  stability  of  the  temperature  of  the  process  of  reaction 
in  the  apparatus  at  a  definite  level. 

.  The  larger  Increase  in  quantity  of  recirculating  liquids  under  conditions 
which  secure  complete  mixing  In  the  mixing  zone  results  in  a  diminished  output 
of  the  apparatus. 

Finally  setting  the  condition  that  the  given  apparatus  has  a  defi¬ 
nite  construction  of  the  circulation  Impeller  and  consequently  a  definite  output, 
the  reaction  constant  for  the  definite  reaction  carried  out  at  a  definite  temper¬ 
ature  linder  nearly  constant  conditions  is  constant.  Tne  effect  of  construction 
of  the  perfect  apparatus  is  determined  by  its  comparative  constructional  CUW. 

In  the  given  case  the  question  of  the  influence  of  limiting  the  flow  of 
reaction  mass  in  the  apparatus  on  its  output  is  discussed. 

It  is  natural  to  suppose  that  lowering  the  quantity  of  recirculating  liquid 
leads  to  a  diminished  rate  of  movement  along  the  circulation  contour,  which  in  its 
turn  negatively  affects  the  reaction  constant,  but  in  the  case  In  point  this  effect 
is  easily  avoided  by  some  means,  namely:  when  lowering  the  output  of  the  circulation 
impeller,  the  cross-sectlorial  area  of  the  circulation  contour  must  be  corresponding¬ 
ly  diminished  so  that  the  rateof  movement  of  the  reaction  mass  can  remain  as  before. 
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which  pernlts  the  maintenance  of  the* reaction  constant  at  the  prevlouB  level;  2)  by 
Increasing  the  dispersive  power  of  the  circulation  Impeller,  a  lowering  of  the 
dispersive  power  of  the  reaction  mass,  due  to  a  lowering  of  the  rate  of  its  move¬ 
ment  on  the  circulation  contour,  can  be  compensated,  '  . 


In  the  desl^  of  new  re  action  apparatus  it  Is  necessary  to  aim  at  such 
a,  construction  as  will  give  the  maximum  degree  of  dispersion  at  the  expense 
of  the  rate  of  flow  and  at  the  sane  time  to  get  the  output  of  the  impeller  , 
to  be  that  corresponding  to  the  specified  conditions. 

In  this  case  these  two  factors  not  only  do  not  contradict  one  another 
but  both  exert  a  positive  effect  on  the  output  of  the  apparatus. 

II.  Graphical. calculation  of  systems  of  continuous  reactors 

In  many  cases  when  carrying  out  reactions  in  continuous  systems  It  Is  more  ad¬ 
vantageous,  both  from  the  point  of  view  of  the  conduct  of  the  process,  and  from  the 
point  of  view  of  Its  economic  realization,  to  use  instead  of  one  continuous  reactor 
a  system  of  several  such  reactors  Joined  in  series.  In  this  case  the  fresh  Initial 
component  enters  the  main  (first)  apparatus,  after  which  the  partially  reacted  mix¬ 
ture  enters  the  next  appeiratus  where  it  reacts  further,  and  then  the  mixture  goes 
through  another  apparatus  and  so  on  until  such  time  as  the  required  concentration 
Xic  of  the  initial  products  In  the  reaction  products  is  attained  (Fig.  5). 

Using  the  above  described  graphical  analytical  method  of  calculation  for  con¬ 
tinuous  reactors  we  can  also  calculate  systems  comprising  m  individual  continuous 
reactors.  .... 

Let  us  suppose  that  Is  Is  necessary  to  calculate  a  system  of  reactors,  and 
suppose  that  for  this  purpose  ve  have  graphs  of  periodic  processes  In  reactors  of 
analogous  construction,  and  that  the  number  of  reactors,  the  output  of  the  system, 
or  the  size  of  each  reactor,  are  known. 

It  Is  necessary  to  calculate  the  volumes  of  the  apparatus  or  the  output  of 
the  system,  and*  likewise  the  relative  CUW  of  the  system. 

The  calcufatlon  may  be  made  In  two  ways:  l)  for  equal  volumes  of  the  appar¬ 
atus  (reactors)  and  2)  for  equal  falls  of  concentration. 

In  both  cases  the  calculation  may  be  made  either  for  optimum  or  for  minimum 
output,  l.e..  In  the  first  case  ~  to  get  an  Increase  of  the  relative  CUW  of  the 
apparatus  —  the  output  of  the  mixer  Is  calculated  for  conditions  of  thermal 
balance,  and  the  line  C-B-D  Is  a  secant  of  the  curve  of  the  process  t-X  cutting 
It  In  two  points,  the  difference  In  the  abscissae  of  which  Is  the  ratio  V^/Q; 

In  the  second  case,  for  which  It  Is  required  that  the  quantity  of  circulating 
liquid  (Q“V)  shall  be  large,  the  calculation  may  be  carried  out  for  minimum  out¬ 
put,  l.e.,  for  the  case  of  Ideal  circulation. 

Calculation  for  equal  volines  of  reactors,  (a)  Calculation  for  minimum 
output  (Fig.  6.)  On  the  Intercept  of  the  curve  t  -X,  representing  the  fall  of  con¬ 
centration  in  the  reaction  from  Xq  to  A^,  let  us  construct  a  number  of  right- 
angled  triangles  equal  to  the  number  of  the  reactors,  of  which  the  hypotenuses 
C^-Di  will  be  tangents  to  the  t — X  curves  at  the  points  the  adjacent  sides 
Ci”Ei  should  be  equal,  in  view  of  the  imposed  condition  of  the  equality  of  volumes 
and  identity  of  the  separate  outputs.  The  adjacent  sides  Ei-Dj^  represent  the  falls 
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t 


In  concentration  X  — 
o 


In  the  reactors. 


From  the  condition  that  the  Intercepts 
Cj-Ei  *  Va/V,  ve  determine  the  unknown  vol¬ 
umes  of  the  apparatus  or  their  outputs.  The 
Cl  points  give  the  value  of  the  concentration 
of  the  mixture. 

-  b)  Calculation  of  a  system  for  the 
optimum  regime.  If,  in  the  determination  of 
the  quantity  of  recirculating  liquid  accord¬ 
ing  to  the  thermal  balance,  the  amount  comes 
out  to  be  commensurate  with  the  output  of  the 
reactors,  then  for  the  Increase  of  the  out¬ 
put  of  the  reactors  or  a  decrease  in  the 
specified  volume  of  the  system  of  reactors, 
the  output  of  the  mixers  must  be  calculated 
from  the  output  specified  for  each  reactor. 

In  this  case  the  graph  for  the  cal¬ 
culation  will  have  the  following  form  (Fig.  7) 
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Fig.  6.  Calculation  of  systems  of  reactors 
for  minimum  output. 
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Fig.  5»  Liquid  flow  lines  in 
a  system  of  reactors. 
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The  points  Cl  would  then  characterize  the  final  concentration  in  each  apparatus 
IVom  each  point  Cj^,  lay  off  towards  the  left  the  lines  C^-Ej^  determining  the  ratio 
Vai/Q*  The  ordinate  drawn  from  the  point  Ei  to  its  Intersection  with  the  curve 
at  the  point  gives  the  corresponding  value  for  the  concentration  of  the  mixture. 
The  intercepts  of  the  ordinates  D^-Fi  give  the  value  of  the  fall  of  concentration 
for  each  apparatus.  The  volumes  of  the  apparatus  or  their  outputs  arc  determined 
in  a  manner  analogous  to  the  previous  example. 
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Fig.  7.  Calculation  of  systems  of  reactors 
for  optimum  output. 
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Calculation  for  equal  fall  of  concen¬ 
tration,  a)  Calculation  for  minimum  output. 

In  this  case  the  total  fall  of  concentration 
specified  Is  divided  Into  a  number  of  equal 
falls  In  each  separate  reactor. 

From  the  points  Cj^  (Fig.  draw  a 
tangent  C^-D^  to  the  Intersection  with  the 
corresponding  line  for  the  Initial  concen¬ 
tration.  The  section  of  the  abscissa 
gives  the  value  of  the  ratio  V^^/V. 

Consequently,  the  volume  of  the  apparatus 
ray  be  determined  from  this,  l.e; 

=  V*  Intercept.  Ci  -  Ei;  »=  V* 

Intercept.  C2  "  Eg  etc. 

In  this  case,  as  can  be  seen  from 
the  graphical  construction.  It  follows  that, 
*hen  the  concentration  is  lowered,  the  volume  of 
large  volume  Is  obtained  for  the  last  reactor. 


Fig.  8.  Calculation  for  equal 
fall  of  concentration  for  minimum 
output. 
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Fig  9.  Calculations  for  equal  falls 
of  concentration,  for  the  optimum 
regime . 
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b)  Calculation  for  the  optimum  running  conditions.  In  this  case  the 
calculation  Is  carried  out  in  the  same  way  as  for  the  calculation  for  the  optimum 
running  conditions  for  equal  volumes. 

The  difference  is  that^  In  the  case  in  point,  the  fall  In  concentration  In 
the  system  Is  divided  into  equal  parts,  and  for  each  part  of  the  curve  a  calculation 
triangle  Is  constructed  (Fig.  9)« 

In  a  number  of  cases  of  this  calculation.  It  is  only  necessary  to  calculate 
the  last  reactors,  which  give  a  specially  large  increase  of  the  relative  CUW  and 
output,  so  long  as  the  first  reactors  In  any  regime  work  at  a  sufficiently  high 
relative  CUW. 

Belatlve  CUV.  The  relative  CUW  of  the  system  Is  the  name  given  to  the 
ratio  of  the  quantity  of  the  reaction  mixture,  which  has  reacted  in  the  system  under 
the  conditions  laid  down,  to  the  quantity  of  substance  that  would  react  In  a  system 
of  reactors  having  an  Ideal  circulation,  the  same  volume,  and  the  same  degree  of 
completion  of  reaction. 


*^syst  “  Vo 
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In  Fig.  10  Is  shown  the  construction  of  the  calculation  diagram.  In  It  the 
triangle  Cj^-Di-E^  relates  to  the  first  apparatus,  into  which  the  Initial  components 
enter  at  the  Initial  concentration  Xo» 

The  fall  of  concentration  In  the  first  apparatus  is  determined  by  the  Inter¬ 
cept  of  the  ordinate  From  the  first  apparatus  the  partially  reacted  mixture, 

at  a  concentration  represented  by  the  point  Ci  lying  on  thet~X  curve,  passes  to 
the  second.  For  the  second  reactor  of  the  system  the  triangle  C2~E2“D2  Is  con¬ 
structed  in  a  manner  analogous  to  the  first. 

In  this  way  as  many  triangles  are  constructed  as  there  are  reactors  In  the 

system. 

Graphically,  the  relative  CUW  of  the  system  is  the  ratio  of  the  section 
to  the  sum  of  the  section  Ci-Ei,  l.e.. 

Intercept.  0  -  C 


^syst.  *  m 

Intercept. 


If,  as  shown  In  Fig.  10,  instead  of  m  reactors  (in  the  given  case  m  =  2) 
one  reactor  wer^  used,  then  Its  volume  would  be  determined  by  the  intercept  of  the 
abscissa  C  -  Ei  Instead  of  the  total  volume  of  the  reactors  of  the  system,. 
deternined°by  the  intercept  of  the  abscissa  -  F.  Since  Intercept  (C^  - 
Intercept  (F  -  Cm  ),  consequently,  the  volume  of  the  single  reactor  Is  greater  than 
the  sun  of  the  reactors  of  the  system  replacing  the  volume  of  the  single  reactor  and 
having  an  output  equal  to  it.  Fi’om  the  graphical  construction  it  is  also  not  diffi¬ 
cult  to  see  that  the  volume  of  all  the  reactors  of  the  system  decreases  with  increase 
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In  the  number  of  reactors  In  the  system.  •  .  • ■ 

Change  of  conditions  of  carrylnf;  out  reactions  In  a  continuous  reactor.  A 
change  la  the  conditions  of  conducting  a  reaction  In  a  continuous  reactor  may  be 
made  on  the  basis  of  three  variants.  ^ 

SupiKjse  ve  have  a  graphical  solution,  t  -X,  of  the  process  occurlng  in  a  - 
continuous  reactor,  and  that  we  are  required  to  check  the  possibility  of  operating 
It  In  ail  three  variants.  In  this  case  ve  should  have:  ' 

Variant  1.  V  =  const;  Q  decreases  to  (Fig.  11.  left). 

In  this  case  the  task  consists  in  finding,  on  the  curve  t-X,  two  points, 

Bi  and  Ci,  which  would  correspond  to  the  Initial  and  final  concentration  In  the  new 
process,  conditioned  by  the  change  In  the  value  Q.  For  this  two  conditions  should 
be  fulfilled: 


•1)  The  section  of  the  abscissa  lying  between  the  ordinates  of  the  points 
Bi  and  Ci  should  be  expressed  on  the  scale  taken  by  the  magnitude  t^  = 

2)  The  straight  line  drawn  through  the  points  Ci  and  Bi  to  Intersection 
with  the  line  drawn  from  the  point  A  should  give,  on  the  same  scale,  the  value  of 
the  Intercept  of  the  abscissa  lying  between  the  ordinates  of  the  points  Ci  and  Di, 
equal  to  the  value  tjj  «  V^/V. 


For  the  fulfillment  of  these  conditions  the  ordinate  of  the  point  Bx  gives 
the  value  of  the  new  concentration  of  the  mixture  Xp,  and  the  ordinate  of  the  • 
point  Cl  gives  the  value  of  the  new  final  concentration  X^. 


Variant  2:  The  output  V  Increases  to  the  value  Vi;  the  output  of  the  mixture 
decreases  from  Q  to  Qi  (Fig.  11  right}. 


In  this  case,  from  the  point  of  Intersection  of  the  ordinate  Xj^  with  the 
axis  t^  lay  off  to  the  left  the  value  V^^i  and  draw  afterwards  a  line  parallel 
to  the  X  axis,  to  intersection  with  the  line  drawn  from  the  point  A.  The  point  of 
Intersection  Dx  coincides  with  the  point  C.  The  intersection  of  the  straight  line 
C-Bx-"Dx  with  the  line  for  the  process  t— X  at  the  point  Bx  gives  the  value  X  and 
the  Intercept  of  the  abscissa  b'-C,  lying  between  the  ordinates  of  Bx  and  Ci, 
determines  the  value  Q.  We  get  the  maximum  output  when  the  point  Dx  coincides  with 
the  point  A  and  the  concentration  of  the  mixture  Xp  is  made  equal  to  Xq- 

Variant  3:  Q  =  const;  V  Increases  to  Vx. 

The  Initial  concentration  Xq  decreases  to  X^>  according  to  the  equation: 

V(Xo  ~  Xj^)  =  Vx  (Xi  -  X^  )  (Fig.  12}. 
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On  the  ordinate  axis  lay  off  Xq  and  through  the  point  of  reference  draw  a 
line  parallel  to  the  abscissa.  The  point  of  Intersection  of  this  line  with  the 
line  C-B-D  gives  the  point  Dx-  The  Intercept  of  the  abscissa  laying  between  the 
points  C  and  Dx,  gives  the  value  tj^.  This  determines  the  new  value  Vx.  Xo  ia 
unknown,  but  Vx  Is  known  then,  starting  from  the  point  C  the  value  t'm  •  VaAi 
is  laid  off.  From  the  point  of  Intersection  draw  a  line  parallel  to  the  ordinate, 
to  Intersection  with  the  line  C-B-D.  The  ordinate  of the  point  of  Intersection 
gives  the  value  Xq. 

The  minimum  concentration  of  the  Initial  product,  for  the  condition  that 
the  process  of  reaction  In  the  apparatus  remains  unchanged.  Is  equal  to  Xp. 

In  this  case  the  output  of  the  apparatus  for  unit  volume  of  the  Initial 
components  becomes  equal  to  the  output  of  the  mixer  i.e.,  Vx  »  Q. 

'  With  the  help  of  this  construction  it  is  possible  to  make  a  check  on  a 
process  operated  in  a  continuous  reactor. 


Fig.  12.  Change  of  running 
conditions  of  a  reaction  In 
continuous  reactor. 

Xq  “* 

Q  =*  const;  Vx  =  V 


Flg.‘  13  •  Graphical  check  on  the 
process  of  reaction. 

"  Q  «  const;  (V  - AVJ<  V<  (V+  AV) . 


Actually  If  we  know  that  the  output  of  the  mixer  In  the  reactor  Is  a 
completely  determinate  value  then  the  concentration  of  the  mixture  and  the  final 
concentration  can  only  be  changed  as  a  result  of  a  change  either  of  the  volumetric 
output  or  of  the  Initial  concentration. 

Let  us  consider  a  process  represented  by  the  lines  O-B-D  and  having  the 
output  V.  With  Increase  of  the  ‘output  to  the  value  V  +  AV  the  line  C-D-D  moves 
to  the  position  C2~B2-D2.  The  final  concentration  Increases  and  Is  represented 
by  the  point  C2  l.e.  In  this  case  we  would  have  the  Increase:  X^'  >Xj^. 

When  the  output  decreases  to  the  value  V  —  AV  the  line  O-B-D  moves  to  the 
position  Ci-Bx-Di.  The  final  concentration  XA  decreases  and  Is  represented  by  the 
point  Cl. 


In  all  cases  the  period  of  the  reaction  t^ 


Va/4  should  remain  constant 


The  control  of  reaction  processes,  as  Is  evident.  Is  extremely  simple 
and  only  requires  the  prevlc-io  onstructlon  of  the  curves  t  —  X  for  the  process 
for  the  given  value  Q,  and  of  a  series  of  lines  C-B-D  with  an  Indication  of  the 
outputs  to  which  they  relate..  The  operation  of  .such  a  control  eliminates  the 
need  for  making  extremely  complicated  and  prolonged  analyses  and  proximate 
analyses.  (Fig.  13)- 

■  '  -  ■  SUMMARY  •  '  •  ■  '  '  • 

By  the  graphical  method  proposed,  continuous  reactors  or  systems  of  such 
reactors  may  he  calculated  fc-r  reactions  In  the  liquid  phase  when  the  change  of  ,  ■ 
concentration  of  the  Initial  components  of  any  concentration  as  a  function  of  time 
In  hatch  process  apparatus  Is  known. 

A  graphical  method  permits  the  determination  of :a)  The  relative  CUW  of  the 
system  and  h)  the  change  In  the  Interdependence  of  the  parameters  of  continuous 
processes  when  the  conditions  under  which  they  operate  are  changed. 
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KINETICS  OF  CRYSTALLIZATION  OF  SODIUM  BICARBONATE^ 


Ya.  R.  Goldshteln 


The  physical  properties  of  deposits  of  sodium  bicarbonate  precipitated  In 
the  course  of  the  cairbonatlon  of  aamonlacal  liquors  are  of  decisive  Importance 
for  the  production  of  soda.  The  abnormal  course  of  the  crystallization  process 
causes  rapid  crystallization  In  towers  and  a  deterioration  of  the  ”  quality”  . 
of  the  bicarbonate.  In  washing  poor  bicarbonate  on  filters,  large  losses  ensue, 
the  filters  give  a  precipitate  with  high  moisture  content  which  upsets  the  opera¬ 
tion  of  drying  ovens,  lowers  the  concentration  of  gas  and  causes  a  large  consump¬ 
tion  of  heat. 

This  investigation  had  the  aim  of  shedding  some  light  on  :  a)  the  kinetics 
of  formation  of  crystallization  centers  -  the  conditions  of  development,  existence, 
and  elimination  of  super saturation  In  the  carbonatlon  of  ammonlacal  liquors;  b) 
the  role  of  seed  crystals  In  the  kinetics  of  separation  of  blcairbonate  crystals; 
c)  the  dynamics  and  mechanism  of  growth  and  Intergrowth  of  crystals  under  the 
conditions  existing  In  carbonatlon  towers,  and  the  limiting  size  of  bicarbonate 
polycrystals  and  d)  the  principles  of  regulating  crystallization  under  operating 
conditions. 

The  formation  of  very  supersaturated  solutions  In  the  carbonatlon  of 
ammonlacal  liquors  was  first  established  by  us  in  I926  [1,2,3].  It  was  found 
that  the  crystallization  of  bicarbonate  only  begins  when  the  solution  contains  • 
about  20  “normal  divisions”  of  bicarbonate  (l  ”  normal  division”,  abbreviated 
to  n.d..  Is  equal  to  I/20  g-equlvalent,  l.e.,  for  NaHCOa  4.2  g/llter).  The 
true  solubility  of  bicarbonate  In  a  carbonated  solution  does  not  exceed  3-**  n.d. 

The  method  of  studying  the  phenomenon  of  super  saturation  was  not  complicated. 
At  the  desired  point  of  the  carbonatlon  process  a  sample,  volume  about  200  ml, 
was  withdrawn  and  rapidly  filtered  under  vacuum.  10  qjl  of  the  filtrate  was 
collected  for  the  analysis,  and  the  remaining  liquid  was  preserved  In  a  closed 
flask. 

According  to  the  reaction  NaCl  +  NH3  +  COa  =  NH4CI  +  NaHCOa  one  equivalent 
of  sodium  bicarbonate,  precipitated,  corresponds  to  one  equivalent  of  ammonium 
chloride.  Ammonia  bound  as  ammonium  chloride  was  determined  by  the  difference 
between  the  ”  direct  titer”  of  the  filtrate,  l.e.,  the  tltrimetrlc  alkalinity, - 
and  the  ”  total  titer",  l.e.,  the  total  content  of  ammonia,  which  was  determined 
by  formaldehyde  titration. 

From  the  primary  sample  of  filtrate,  on  standing,  a  precipitate  of  bi¬ 
carbonate  In  the  form  of  fine  needles  came  down.  After  a  definite  Interval  of 
time  a  new  portion  of  the  clear  liquid  w’as  collected  for  analysis.  The  direct 
titer  In  It  was  lower  and  the  content  of  bound  ammonia  was  higher  than  In  the 
first  sample.  From  the  Increase  In  the  bound  ammonia  the  quantity  of  bicarbonate 
precipitated  during  the  time  of  keeping  the  sample  could  be  determined. 

Let  us  provisionally  represent  the  supersaturation,  determined  from  the 
change  In  composition  of  the  solution  over  the  period  of  n  hours,  by  Pq.  Thus, 
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for  example,  analysis  of  a  sample  of  the  cleeur  liquid  soon  after  the  collection  . 
and  a  second  analysis  after  two  nourc,  gave  us  a  super  saturation  of  P2  and  taking 
a  sample  once  more  after  three  days,  we  obtained  a  value  Pyz*  | 

For  the  observation  of  the  dynamics  of  the  precipitation  of  bicarbonate,  ! 
a  supersaturated  solution  was  kept  for  4-6  hours  In  a  thermostat  at  the  tempera¬ 
ture  of  the  experiment.  Further  observations  were  made  at. room  temperature.  A 
special  control  experiment  shoved  that  lowering  the  termperature  to  that  of  the 
room  caused  no  considerable  change  In  the  course  of  the  elimination  of  super- 
saturation  nor  did  It  affect  the  solubility  of  the  bicarbonate;  the  error  did 
not  exceed  one  n.d.  | 

For  studying  the  kinetics  of  the  development  of  super saturation,  carbon 
dioxide  was  passed  In  at  a  strictly  controlled  rate.  In  the  majority  of  experi¬ 
ments  w’e  used  a  glass  tube,  30  mm  in  diameter,  height  400  mm,  throu^  which  a 
fine  tube  for  introduction  of  gas  was  Inserted  almost  to  the  bottom.  The  test 
samples  were  collected  by  a  pipette  with  two  taps,  at  the  end  of  which  was  placed 

a  flannel  filter.  ■  \ 

*  \ 

The  point. at  which  turbidity  appeared,  i.e.,  the  point  at  which  spontaneous 
crystallization  commenced,  was  estimated  visually  as  a  first  step  without  special 
precautions.  However,  in  the  course  of  the  Investigation  it  became  clear  that 
the  precipitate  of  bicarbonate  in  carbonation  comes  down  in  two  sharply  divided 
stages;  1)  a  slow  crystallization  In  which  a  small  number  of  coarse  crystals  are 
produced,  creating  a  turbidity  which  is  scarcely  noticeable;  and  2)  a  rapid 
crystallization  resembling  an  autocatalytlc  process  and  leading  to  the  formation 
of  very  fine  crystals.  The  first  stage  may  easily  be  missed  by  visual  observations. 
Hence  the  solution  was  illuminated  by  a  lamp  from  the  side,  I.e.,  a  IV’^dall  cone 
was  created. 

EXHIRIMEUTAL^ 

The  development  and  elimination  of  super  saturation.  In  Table  1  are  given 
the  results  of  experiments  carried  out  at  three  standard  temperatures:  ^0,  45  and 
60*.  In  the  course  of  the  carbonation  of  ammoniacal  liquors  (at  a  given  rate  of 
passage  of  carbon  dioxide)  the  precipitation  of  bicarbonate  (appearance  of  turbldltj 
was  noted  only  after  attaining  109  to  11?^  carbonation  C^.  However,  on  long  standing 
bicarbonate  precipitated  even  from  solutions  carbonated  only  to  84-87^*  The  point 
at  which  the  ammoniacal  liquors  being  carbonated  became  saturated  with  sodium  bi¬ 
carbonate  was  found  therefore  at  a  value  of  C  equal  to  8l-82^. 


In  the  experiments  of  Table  1  the  ceirbonatlon  of  the  ammoniacal  liquors  was 
stopped  either  at  the  moment  of  appearance  of  turbidity  or  even  before  it  (after 
some  minutes).  The  observation  of  precipitation  of  sodium  bicarbonate  (i.e.  the 
systematic  analysis  of  the  clear  liquor)  was  carried  on  for  three  days.  In  separat 
experiments  the  observation  was  carried  on  for  ten  days;  however  equilibrium  was  no' 


^)  The  experimental  part  of  this  work  relates  mainly  to  1940-1941  and  was  carried 
out  with  the  participation  of  Chemical  Engineer  A.  S.  Eudun. 

^)  By  the  ^  carbonation,  here  and  in  the  rest  of  the  paper.  Is  meant  the  ratio 
of  the  total  quantity  of  carbon  dioxide  absorbed,  dissolved  and  entering  the 
precipitate  in  the  form  of  bicarbonate,  to  the  total  content  of  ammonia  in  the 
solution  (in  n.d.  or  g.  equiv.); 


^  carbonation  C  =  [2  (total-direct  titer)  i-  dissolved  CO2]  *100 

total  titer. 
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completely  obtained  even  In  this  period  of  time I  From  the  results  of  the  vork 
it  is  evident  that  for  practical  purposes  it  Is  sufficient  to  know  P2,  l.e.,  to  • 
i-ake  a  second  analysis  after  two  hours.  This  Interval  was  also  selected  for 
analysis  made  during  manufacture.  ‘  • 

As  mixing  usually  has  a  strong  effect  on  the  elimination  of  supersaturation 
[2I  then  parallel  experiments  were  carried  out  In  which  samples  were  subjected 
to  continuous  mechanical  stirring  for  five  to  six  hours.  After  this  the  test  .samples 
were  stored  at  room  temperatures  In  closed  vessels.  All  data  in  the  table  relate 
to  P72,  l.e.,  to  the  total  quantity  of  bicarbonate  precipitated  In  three  days. 

In  Table  2  are  set  out  data  relative  to  the  point  at  which  Intense  crystal¬ 
lization  started  at  a  definite  rate  of  carbonatlon,  based  on  data  in  Table  1.  The 
crystallization  at  the  start  vent  extremely  quickly;  after  the  first  fifteen  minutes 
not  less  than  2/3  of  the  bicarbonate  had  precipitated  In  all  cases,  and  80^  came 
down  inside  an  hour.  The  further  precipitation  was  much  slower. 

TABLE  1  -  ■ 


Temp-  Duration  of 
erat-  carbonatlon 
ure  ( min) 

(’C) 


Extent  of  super saturation  and  dynamics  of  Its  elimination- 


Quantity  of  NaECOa  pptd. 


Darbonatloa  without  stirring  jCarbonatlon  with  stirring 


period.  While  at  30*  the  crystallization  began  after  an  induction  period  of  I5 
minutes  when  the  super saturation  was  17  n.d.^  at  60*  it  began  after. the  same  period 
when  the  super saturation  was  only  9  n.d. 
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-TABIB  2 

Commencement  of  rapid 
cryctalllzatlon 


This  fact  Is  of  very  great  Importance 
for  production.  The  process  of  carbonatlon 
In  carbonatlon  towers  lasts  for  2-4  hours. 

The  zone  of  the  towers  In  which  a  temper¬ 
ature  of  60*  occurs  Is  only  about  35?^  of 
the  height,  l.e.,  the  liquid  is  present  In 
this  zone  for  40  minutes  to  1  hour.  In 
this  zone  30  n.d.  bicarbonate  Is  usually 
formed.  10  n.di  bicarbonate  Is  thus  formed 
for  10. 60  =  20  minutes.  The  period  of 
30 

Induction  for  a  similar  degree  of  super— 
saturation  Is  I5  minutes  according  to 
Fig.  1.  It  Is  known  that  at  60*  It  Is 
not  possible  to  develop  super  saturation 
to  10  n.d.  By  Interpolation  from  the 
diagrams  given  It  can  be  established  that  at  60*  spontaneous  crystallization  begins 
at  a  supersaturation  of  8  n.d.  In  reality,  photographic  observation  of  the  course 
of  events  at  different  heights  of  a  carbonatlon  tower  (Figs.  2  and  3)>  in  which 
we  produced  a  definite  degree  of  super  saturation,  showed  that  P2  .is  4-5  n.d. 
Reverting  to  Table  1,  we  find  that  P2  equal  to  5  n.d.  corresponds  to  P5  of  7-8  n.d. 
Consequently  complete  correspondence  between  the  data  in  Table  1  and  plant  practice 
Is  observed. 


Temper¬ 

ature 

CO 

^me  ‘ 
from 
begin¬ 
ning  of 
carbon- 
ation 
(in  min) 

Quan¬ 
tity 
of  bl- 
carbon' 
ate 
formed 
^n  n.d.; 

Percent¬ 

age 

carbon- 

ation, 

c  •  • 

30 

26 

26' 

117 

45 

20 

23 

113 

60 

18 

19.6 

109 

The  magnitude  of  the  super  saturation  at  the  moment  of  commencement  of 
Intense  crystallization  has  an  enormous  effect  on  the  rate  of  development  of  the 
crystallization  process,  as  is  evident  from  Fig.  4.  The  rate  of  precipitation 
of  the  bicarbonate  is  approximately  proportional  to  the  third  power  of  the  super¬ 
saturation  for  example,  a  fact  which  emerges  from  Table  3-  It  is  known  that  the 
larger  the  rate  of  liberation  of  a  substance  from  solution  (crystallization),  the 
smaller  the  crystals  which  are  thereby  obtained.  Hence,  control  of  the  crystalliz¬ 
ation  process  and  the  magnitude  of  supersaturation  has  a  great  practical  significancf 


saturation  on  the  duration  of  the 
period  cf  induction.  Super saturation 
was  determined  after  5  hours. 

A-Begree  of  supersaturation  (in  n.d.); 
&-induczion  period  (in  hours).  Temper¬ 
ature  ("C):  I-3O;  2-45;  3-60. 

After  each  experiment  the  course  of  the 


In  Table  3  are  shown  only  the  initial, 
more  r^pid  stages  of  crystallization. 

•  The  experiments  which  were  carried 
out  shoved  that  stirring  the  solutions 
during  the  period  of  elimination  of  the 
supersaturation  plays  an  extremely  small 
part,  which  is  unusual  in  a  crystallization 
process. 

Dynamics  of  change  of  supersaturation 
in  the  successive  stages  of  the  process  of 
carbonatlon.  The  dynamics  of  supersaturatlo 
are  closely  connected  with  the  rate  of 
carbonatlon.  They  were  determined  at  the 
same  three  temperatures  of  ^0,  45  and  60*. 

The  following  experimental  procedure 
was  selected.  During  carbonatlon  the  point 
at  which  turbidity  appeared  was  noted,  but 
the  passage  of  carbon  dioxide  was  not  stoppe 
until  definite  times;  7>  15>  30  cu*  60  minute 
elimination  of  the  supersaturation  was 
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observed,  for  which  purpose  the  solution  was  always  stirred  In  a  vessel  with  a 
mercury  seal  for  U-6  hours  at  the  experimental  temperature.  The  experimental 
data  are  set  forth  In  Table  4  and  for  separate,  longer,  experiments  In  Table  5 
(in  these  figures  only  the  three-hour  supersaturation  Is  given). 

The  special  form  of  the  curves  for  the  dynamics  of  super  saturation  can  be 
simply  explained.  The  first  portion  of  the  curves  up  to  the  peak  represents  the^ 
stage  in  which  super  saturation  Is  accumulating,  and  the  peak  Itself  .is  the  point 
at  which  spontaneous  crystallization  commences.  At  this  point  the  super  saturation  • 
begins  to  be  eliminated  at  approximately  the  some  rate  as  that  at  which  It  devel¬ 
oped  (as  is  evident  from  the  angle  formed  by  both  parts  of  the  curve  with  the 
perpendlculr  passing  through  the  peak).  The  lover  scale  along  the  abscissa  Indicates 
the  quantity  of  bicarbonate  formed  at  the  given  point;  it  Is  clear  that  the  form¬ 
ation  of  bicarbonate  Is  practically  complete  at  the  end  of  90  minutes,  when  the 
supersaturation  P3  Is  5  n.d.  In  the  following  50  minutes  of  carbonatlon  the 
supersaturation  Is  completely  eliminated;  during  this  period  only  1  n.d.  of 
bicarbonate  Is  formed.  The  elimination  of  a  residual  super  saturation  requires, 
consequently,  a  considerable  time  for  very  little  result. 


Fig.  2.  Photographs  of  the  work  of  a  carbonatlon  tower.  Case  I.  A  -  Tray  Ho. 

B  -  n.d.  In  degrees;  Tower  data:  1)  temperature;  2)  direct  titer,  (in  n.d.); 

3)  quantity  of  combined  IfflJ  (in  n.d.);  4)  quantity  of  CO2  In  solution  (in  n.d.); 
5)  total  quantity  of  absorbed  CO2  (in  n.d.);  6)  supersaturation.. 


The  elimination  of  the  super  saturation  slows  down  at  7  n.d.  at  30*,  at 
6  n.d.  at  45*  and  at  4  n.d.  at  60*  or  after  the  formation  of  42,  33j  and  30  n.d. 
of  NaHCOa  respectively.  The  slow  elimination  of  the  super  saturation  at  the  end 
of  the  process  does  not  endanger  the  obtaining  of  good  crystals.  On  the  contrary, 
it  indicates  the  impossibility  of  forming  new  crystallization  centers. 

The  actual  magnitude  of  the  supersaturation  and  its  role  under  plant  condi¬ 
tions.  Figs.  2  and  3  set  forth  the  results  of  2  photographs  of  the  work  of  a 
carbonatlon  tower,  in  which  we  determined  the  extent  of  the  super saturation.  From 
them  it  is  evident  how  closely  the  extent  of  supersaturatloa  Is  connected  with 
the  conditions  in,  and  the  results  of  the  work  of  the  tower.  For  observation 
of  the  tower  two  samples  of  liquid  were  selected  in  parallel,  one  of  which  was 
filtered  through  a  flannel  filter  and  passed  immediately  through  the  tap  on 
the  pipette  (the  filtration  was  made  under  the  pressure  of  the  liquid  column). 

The  second  was  withdrawn  in  the  general  course  of  operation  without  filtering. 
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Fig.  3*  Photograph  of  the  working  of  a  carbonatlon  tower.  Case  II.  A  -  Tray  No. 
B  -  n.d.;  1)  temperature;  2)  direct  titer  (in  n.d.);  3)  bound  titer  (in  n.d.); 

4)  total  titer  (in  n.d.);  5)  quantity  of  CO2  in  solution  (in  n.d.);  6)  total 
quantity  of  absorbed  CO2  (in  n  d.);  7)  supersaturation. 
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From  Fig.  2,  which  represents  the  state  of  affairs  In  the  relatively  normal 
working  of  a  tower.  It  can  he  seen  that  the  supersaturation  usually  does  not 
exceed  U-5  n.d.,  and  such  a  degree  of  supersaturation  was  observed  at  only  two 
points  of  the  tower.  The  first  point  corresponds  to  the.  commencement  of  crystal- 
Izatlon  of  bicarbonate  (in  the  case  in  point  at  tray  Nos.  l4-l6). 


The  second  Jump  In  supersaturation  appears  to  be  the  result  of  the  rapid 
cooling  of  the  solution  at  the  beginning  of  the  cold  zone  of  the  tower  (tray  7/ 
Fig.  2.)  On  cooling  the  liquid  the  equilibrium  of  the  reaction  Is  sharply 
displaced  towards  the  side  of  an  Increased  yield,  very  much  further  from  the 
state  of  equilibrium,  thanks  to  which  the  rate  of  absorption  of  CO2  by  the 
liquid  Increases.  Under  such  a  regime  bicarbonate  of  average  "  quality”  Is 
obtained.  *  -  * 


.  .  •  TABLE  3 


Dependance  of  the  rate  of  crystallization  on  the 
extent  of  super saturation.  Temperature  30*. 
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TABLE  1 

i 

supersaturation  on  the  rate  of 
Its  elimination.  Temperature 

30*. 

A  -  Rate  of  elimination  of 
supersaturation  (25  n.d.  =  lOO); 
B  —  degree  of  super saturation 
(in  n.d.  KaHCOs).  ■ 


Dynamics  of  super saturation  in  the  process  of  carbonation. 
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Another  picture  is  shown  hy  Fig.  3*  The  super  saturation  here  reaches 
8-9  n.d.  as  a  result  of  fluctuations  In  the  running  of  the  process  (concen¬ 
tration  of  the  gas  fed  in  and  withdrawal  of  liquid. from  the  tower).  The  cool¬ 
ing  was  too  sudden  and  the  temperature  fell  to  5^*  ^7  8th  tray,  which 
intensified  the  rate  of  absorption  of  CO2  and  forced  the  super saturation  up  to 
8.6  n.d.  The  second  peak  occurs  at  the  4th  tray,  and  likewise  follows  a  period 
of  rapid  absorption  of  C02«  In  this  case  the  bicarbonate  obtained  filtered  very 
badly.  ' 

Data  In  the  literature  about  the  optimum  temperature  for  absorption  of  CO2  ‘ 
in  the  (ammonia)  soda  process  (45  or  55*)  Is  conflicting.  From  Fig.  6.  It  Is 
clear  that  It  Is  not  possible  to  speak  of  an  "optimum*  temperature.  The  rate  of 
absorption  In  the  Initial  stages  of  the  process  Is  a  maximum  at  60*  (possibly 
the  maximum  rate  Is  at  55*)*  However  the  kinetics  of  absorption  begin  rapidly, 
to  be  determined  by  the  distance  from  the  equilibrium  state,  which  Is  more  favor¬ 
able  at  lower  temperatures.  Hence  at  105^  bhe  optimiim  carbonation  temperature 
becomes  45*,  and  at  C  =  l605&  the  absorption  Is  most  rapid  at  30*. 


Fig.  5.  General  dynamics  of  super  saturation  Fig.  6.  Effect  of  temperature 

In  ceirbonatlon  at  30*.  A  -  Supersaturation  on  the  rate  of  absorption  of  CO2. 

(in  n.d.  NaEGOa);  B  -  Time  (in  mln);  C  -  A  -  Bate  of  absorption  of  CO2 

Quantity  of  NaHCOa  formed.  (in  n.d. /mln);  B  -  ^  carbonation. 

Temperature  (in  *C);  1  -  30; 

2  -  45;  3  -  60. 

Relation  between  the  rate  of  carbonation  and  the  degree  of  supersaturation . 

In  Table  5  set  out  the  results  of  experiments  in  which  the  rate  of  passage 
of  CO2  through  the  solution  was  changed  (0.5i  0.2,  and  1.0  liters/min). 

At  the  moment  of  appearance  of  turbidity  (by  the  Tyndall  conej  a  sample  of 
liquid  was  withdrawn  for  determination  of  its  super saturation.  The  passage  of 
CO2  was  continued  for  a  further  10  minutes,  after  which  It  was  stopped,  and  a  new 
sample  was  wlthdravTi.  It  was  thus  possible  to  follow  both  the  development  and  ' 

the  liquidation  of  supersaturation.  ■  .  . 

The  data  in  Table  5  support  the  expectation  of  lover  supersaturation  when  ! 
the  duration  of  the  carbonation  is  prolonged.  The  lowering  of  the  supersaturation  1 
Is  particularly  significant  at  higher  temperatures,  where  at  a  gas  rate  of  0.2 
llter/mln  it  reached  only  2  n.d.  as  opposed  to  one  of  IO-I5  n.d.  at  a  rate  of  1  I 
liter/mln.  .  I 

The  dynamics  of  the  change  of  supersaturation  are  particularly  interesting  | 


i 


!  I 

I  I 


In  relation  to  the  changes  which  occur  after  the  commencement  of  spontaneous 
crystallization. 

Particularly  Interesting  are  the  dynamics  of  the  changes  of  supersatur-’ 
atlon  which  follow  the  commencement  of  crystallization  after  10  minutes  carbon-  • 
atlon.  Contrary  to  expectation,  the  super  saturation  at  low  rates  of  carbonatlon 
(0.2  l/mln)  did  not  fall,  but,  on  the  contrary.  Increased.  This  took  place  at 
all  three  temperatures.  This  would  Indicate  that  at  low  rates  of  carbonatlon 
(meaning  also  low  rates  of  formation  ef  bicarbonate),  the  super  saturation  should  be 
eliminated  at  a  higher  rate  than  that  at  which  bicarbonate  Is  formed,  and  especially 
since  crystallization  has  already  commenced.  In  the  meanwhile,  at  high  rates  of 
carbonatlon,  the  super saturation  falls. 

TABLE  5  :  *  • 

Effect  of  rate  of  carbonatlon  on  the  extent  of  supersaturation. 


p 

Temperature 

•c. 

Duration  of 
carbonatlon  (min) 

Quantity  of  RaHCOa  ’ 
formed  (in  n.d.) 

Super saturation 
(in  n.d. ) 

1 

Rate  of 

passage  of  CO2  (liter /min j 

. 

0.2  0.5  ]  1.0 

0.2 

0.5  ! 

■  _ 

1.0 

0.2  j  0.5  f^To 

30 

90  I  55  1  35 

! 

1  8.0 

12.6 

18.8 

3.0  j  12.6  1  18.8 

65  S  40  j  26 

1.9 

i  8-8 

14.5 

1.9  8.8  14.5 

60 

61  1  31  1  20 

* 

2.3 

]  5.2 

9.8 

2.5  1  5-2  !  9.8 

2.  10  minutes  from  the  beginnln?^  of  carbor*atlon. 


Temperaturel 

•c.  1 

Quantity  of  | 
NaECOa  formed'! 
(in  n.d. )  1 

1 

;  ; 

1  Quantity  of  j 

RaHCOa  prec-  j 

j  Ipltated  (in 

1  n.d.)  1 

Super saturation 
(in  n.d.) 

Change  of 
supersatur- 
atlon  (in 
n.d.) 

1  Rate  of  passage  of  CO2  (In  liter /min) 

! 

1  I  1 

!  0.2|  0.5  !  1.0 

!  0-g|  0-5  i  1.0  i 

1  0.2  i  0.5 1 

!  i-ol 

1  0.2  1 

1  0.5  i 

1  1.0 

30  1 

1 11.4  1  12.3 1  15.9 

1  6.0}  15.4  1  29.8  ' 

i  13.4!  8.5! 

1 9.9 1 

1  +5.4] 

i 

“9.9 

•15.3;  15.^  18.6 

6.6  16.7  1  26.5 

i  10.6  7.5  1 

6.6 

-f8.7j 

!  ”1*3 

“7.9 

60 

ill.9  i  17.^  1  20.0 

1  9.4  I  18.6  i  25.6 

!  4.814.0 

1  4.2  1 

1  +2.5I 

i  -1.21 

I“5.6 

For  the  elucidation  of  this  phenomenon  experiments  were  carried  out  with 
samples  withdrawn  during  the  course  of  carbonatlon.  The  carbonatlon  w'as  con¬ 
ducted  In  a  large  cylinder  with  a  large  volume  of  liquid,  and  therefore  pro¬ 
ceeded  more  slowly,  than  in  the  previous  case.  The  results  of  one  test  are  set 
out  In  Table.  6. 

A  parallel  experiment  gave  exactly  the  same  result. 

The  beginning  of  crystallization  was  observed  after  minutes.  From 
Table  6  It  can  be  seen  that  the  crystallization  began  extremely  slowly:  after  h 
minutes  only  1  n.d.  of  NaHCOs  had  come  out.  In  the  course  of  this  time  the 
supersaturation  continued  to  grow  steadily.  Seven  minutes  after  the  beginning 
of  crystallization  2.6  n.d.  of  NaHCOa  had  come  out,  and  the  super  saturation 
reached  l8.4  n.d.  At  this  point  where  the  degree  of  carbonatlon  was  111.8j&  (in 
parallel  experiment  it  was  109.8^)  intensive  crystallization  started,  accompanied 
by  a  fall  in  the  super satui*at ion. 

As  can  be  seen  from  Table  6,  In  the  absorption  of  CO2  the  minimum  rate  of 
absorption  occurred  in  the  period  preceding  the  maximum  supersaturation  the 
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TABLE  6 

Kinetics  of  formation  of  bicarbonate  and  elimination  of  super- 
saturation  In  the  Initial  stage  of  crystallization. 

Tempera ture  _ 


Duration 
of  carbon- 
atlon. 


Composition  6f 
filtrate 


Composition  of 
filtrate  after 
one  day 


Direct 

Bound 

C02 

Direct 

Bound 

titer 

RH3  (in 

(in 

titer 

IiH3(ln 

(in  n.d. ] 

n.d. ) 

n.d.) 

(in  n.d. J 

n.d. ) 

54 

96.0 

0.6 

95-3 

87.2 

10.8 

56 

96.0 

0.8 

LOO. 2 

81.4 

17.0 

55 

95.4 

1.2 

LOI.4 

79.2 

18.4 

61 

93.8 

2.6 

LOO. 8 

77.2 

21.0 

65 

87.4 

9.4 

92.6 

74.3 

24.0 

iuan-  Super 
tity  satur 
3f  COa  atlon 
ibsorb-  ( In  n 


77.0  2.5 


I 


115.1 


”  critical  point”.  As  a  result  of  this,  a  sharp  upward  Jump  of  the  rate  of 
absorption  was  observed  -  a  "peak”.  Later  on  the  rate  of  absorption  began  to 
fall,  as  can  be  seen  from  the  other  data.  Consequently,  the  peak  of  the  rate 
of  absorption  follows  directly  on  the  critical  point  and,  is  undoubtedly  con¬ 
nected  with  It.  The  critical  point  Is  likewise  connected  with  the  initiation 
of  Intensive  crystallization  of  bicarbonate  and  the  rapid  fall  in  the  concen¬ 
tration  of  carbonate  [U,5l,  and  also  a  jump  in  the  pH  [6). 

The  composition  of  the  solution  at  this  point  corresponds,  for  example, 
to  110^  ceirbonation,  or  to  l6-20  n.d.  of  bound  ammonia. 

Thus,  it  can  be  said  that  at  any  rate  of  carbonatlon  Intensive 
crystallization  starts  at  a  definite  composition  of  the  solution  and  at  a  pH  of 
10.  This  fact  is  Indisputable  evidence  that  the  factors  determining  the  degree 
of  super saturation,  the  moment  of  commencement  of  rapid  crystallization  and 
the  peak  in  the  absorption  curve,  eire  not  a  result  of  the  dynamics  of  the  process 
of  absorption,  as  has  been  indicated  to  us  by  a  previous  communication  [7]>  on 
the  basis  of  independent  data  obtained  differently.  The  observed  absorption 
rate  peak  may  be  considerably  displaced  at  large  rates  of  absorption.  It  begins 
to  break  up,  however,  obligatorily  at  C  =  110^  at  50*. 

Extremely  Interesting  results  were  obtained  by  the  examination  of  crystals 
of  bicarbonate  formed  during  the  period  of  slow  crystallization  (when  only  1-2 
n.d.  of  bicarbonate  is  precipitated).  Under  the  microscope  these  crystals  are 
seen  to  be  excellent  spindle  shaped  crystals  of  length  100 Jl,  pointed  at  the 
ends  and  not  adhering  to  one  another,  (Fig.  7.).  At  the  point  of  commencement 
of  rapid  crystallization  the  character  of  the  crystals  which  come  dovna  changes 
sharply,  and  many  fine  elongated  prismatic  crystals  with  blunt  ends,  which  later 
on  cluster  together  into  curious  "tubs”,  are  formed. 

It  might  be  thought  that  the  spindle  shaped  crystals  are  not  composed  of 
pure  bicarbonate,  but  of  some  compound.  However,  exactly  the  same  sort  of  crysta 
is  formed  in  a  tower  for  the  production  of  ”  purified  bicarbonate"  where  a 
solution  of  ammonia-free  sodium  carbonate  is  carboriated.  Preliminary  analysis 
of  the  deposit  showed  an  enhanced  content  of  I«a2C03  in  it.  Carbamates  may  be 
present.  The  data  concerning  the  solubility  of  salts  permit  one  to  speculate 
about  the  formation  of  "trona"  RasCOa  'RaHCOa’PKsO.  This  question  requires 
careful  independent  study. 

The  effect  of  seed  crystal  on  the  rate  of  elimination  of  supersaturation. 
Introduction  of  seeds (  a  considerable  quantity  of  crystals  of  the  substance 


expected)  should  accelerate  the  elimination  of  super saturation,  if  they  are 
such  as  to  promote  crystallization.  To  elucidate  the  character  of  the  super- 
saturation  we  carried  out  experiments  on  the  Introduction  of  30  n.d.  of  crystalline 
sodium  hlcarhonate  Into  the  solution  Immediately  after  the  appearance  of  turbidity. 
After  the  introduction  of  seeds  a  mechanical  stirrer  was  started  and  a  sample  was 
rapidly  withdrawn.  A  parallel  experiment  was  carried  out  without  seeds.  The 
experimental  data  Is  set  out  In  Table  ?•  •  * 

TABIB  7  .  . 

Effect  of  seed  crystals  on  the ’conditions  of  elimination  of 


super saturation.  1.  At  the  moment  of  appearance  of 
turbidity. 


Duration  of  cslt 
bonatlon  (in 


Super saturation 
(in  n.d.) 


Duration  of  car- 

Super saturation 

bonatlon  (in 
min) 

(in  n.d.) 

Rate  of  nassace  of  CO 


1.0 


in  liter /min 


without  seeds 


With  seeds 


104 

63 

4l 

2.01 

4.4 

9.6 

107 

62 

40 

2.0 

4.1 

9.7 

71 

40 

27 

0.4 

3.0 

7.0 

72 

44 

27 

0.2 

3.0 

6.0 

63 

31 

20 

0.9  1 

2.4 

4.2 

61 

32 

18 

0.6 

1.6 

3.6 

2.  After  10  minutes  carbonatlon,  when  crystallization  had 

commenced. 


NaEGOa  precipi-  Super saturation 

tated  (in  n.d.)  (in  n.d.) 


0.2  0 


Rate  of  rassage  of  COp  (in  liter /min 


0  1  0.2  10.3  11.0  0.2  0.-5  1.0 


Without  seeds 


18.4 

10.0 

15.0 

18.4 

8.6 

9.6 

9.6 

+6.6 

+5.2 

20.0 

9.2 

16.4 

22.4 

4.4 

6.2 

4.6 

+4.0 

4-3.2 

22.3 

9.7 

17.0 

24.0 

5.8 

4.0 

2.4 

+4.9 

+1.8 

With  seeds 


19.2 

12.2 

14.4 

20.0 

6.4 

7.6 

9.0 

+4.4 

1+3.5 

21.8 

12.8 

20.4 

25.8 

1.4 

2.5 

2.4 

+1.2 

22.8 

12.6 

17.3 

^4.4 

2.9 

2,k 

2.0 

+2.3 

1+0.8 

Both  the  experiments  In  the  first  division  of  the  table  gave  the  same  result 
since  the  seeds  were  Introduced  only  at  the  point  of  appearance  of  turbidity. 

The  degree  of  super saturation  In  these  experiments  was  not  large,  because  the 
carbonatlon  was  rather  slow.  In  spite  of  the  presence  of  a  large  quantity  of 
crystals,  the  growth  of  supersaturation  after  the  start  of  crystallization 
in  these  experiments  was  even  more  narked  than  in  Table  5*  Th®  supersaturation 
Increased  not  only  at  the  rate  of  0.2  liter/min,  but  also  for  O.5  liter/mln  and 
at  all  three  temperatures.  The  effect  of  the  seed  crystals  Is  quite' definite; 
however  it  is  small  and  does  not  change  the  overall  picture.  At  higher 
temperatures  the  effect  Is  more  marked. 

Experiments  undertaken  with  an  Initial  solution  of  120j&  of  carbonatlon 
gave  different  results,  as  shown  In  Figure  8.  In  this  case  a  supersaturation  of 
14  n.d.  was  attained  at  the  beginning  of  crystallization  (30*)/  hut  the 
Introduction  Into  the  liquor  of  a  considerably  increased  number  of  seeds  led  to 


an  Immediate  decrease  In  the  degree  of  supersaturation,  at  a  definite  duration 
of  carhonatlon,  this  de^caSe  in  the  degree  of  sUpersaturatlon  being  8  n.d.  at 
an  addition  of  60  n.d.  of  seeds.  It  can  be  seen  from  Figure  8  that  the 
quantity  of  seeds  has  a  decisive  Influence  on  the  rate  of  elimination  of  the 
supersaturation.  Consequently,  at  C  *  120^,  a  supersaturation  Is  created  vhich 
is  basically  of  a  crystalllzatlonal  character. 

Wature  of  the  supersaturation.  A  number  of  the  factors  set  out  above  • 
prove  that  the  phenomenon  vhich  ve  have  considered  to  be  a  normal 
crystallization  supersaturation  Is  of  a  more  complicated  character.  The 
crystallization  of  bicarbonate  Is  evidently  Inhibited  not  only  by  the 
development  of  crystalllzatlonal  supersaturation,  but  also  by  the  processes 
vhich  are  necessary  for  the  formation  of  the  molecules  of  NaHCOa.  These 
processes  and  their  role  in  separate  stages  of  carbonatlon  relate  not  so  much 
to  crystallization  as  to  the  mechanism  of  absorption  of  CO2  and  formation  of 
bicarbonate.  From  the  practical  point  of  view  it  is  a  matter  of  no  moment 
whether  ve  have  to  deal  vlth  a  pure  crystalllzatlonal  supersaturation,  requisite 
for  the  formation  of  a  crystal  lattice,  or  vhether  ve  have  to  deal  vlth  a 
’supersaturation  reaction*  In  addition.  In  either  case,  the  effect  of  the 
degree  of  supersaturation  and  the  kinetics  of  its  elimination  on  the 
conditions  for  the  formation  and  growth  of  crystallization  centers  and, 
consequently,  on  the  conditions  for  obtaining  normal  sodium  blceirbonate  Is 
identical.  Hence  In  examining  the  mechanism  of  crystallization  of  bicarbonate 
and  methods  for  controlling  It  ve  can  examine  the  supersaturation  as  though 
It  had  a  purely  crystalllzatlonal  character. 

Ve  should  like,  nevertheless,  to  give  some  preliminary  consideration  to  the 
nature  of  the  phenomena  examined  above. 

In  the  initial  stages  of  the  process  of  absorption  of  CO2,  the  ammoclacal 
solution  containing  a  high  concentration  of  free  ammonia,  and  a  correspondingly 
high  pH  value,  forms  mainly  ammonium  carbamate.  As  the  pH  of  the  solution 
decreases,  it  follows  from  the  work  of  Faurcholt  [8]  and  Kirichenko  [5]  that 
the  equilibrium  between  csirbamate  and  carbonates  in  solution  is  displaced  in 
favor  of  a  higher  concentration  of  ammonium  carbonate;  at  the  point  of 
commencement  of  the  precipitation  of  sodium  bicarbonate  about  655^  of  the  CO2  is 
bound  in  the  form  of  carbamates  and  35^®  as  carbonates.  As  the  process  proceeds 
the  carbamates  break  down  and  finally  only  5“1C^  dissolved  CO2  remains  in  this 
form. 

kh2*coo*kh4  2NH3  +  CO2  (+  H20)  (nh4)2  CO3. 

Carbamates  are  essentially  'parasitic*  (side)  products,  forced  due  to  the 
ease  vlth  vhich  the  molecules  of  KH3  and  CO2  combine  directly  vithout  the 
Intervention  of  vater  molecules,  vhich  are  necessary  for  the  hydration  of  the  CO2 

2NH3  +  CO2  =  IfHaCOONEi. 

The  tendency  to  the  formation  of  carbamate  is  directly  proportional  to  the 
quantity  of  free  ammonia  (which  ccmprlses  only  part  of  the  dissolved  and 

of  CO2  in  the  solution.  The  quantity  of  the  latter  may  be  considered  as 
constant,  because  its  solubility  is  limited  and  only  changes  slightly  during 
carbonatlon.  The  quantity  of  free  ammonia  continuously  falls  as  its 
neutralization  proceeds,  and  correspondingly  the  tendency  to  formation  of 
carbamate  (according  to  the  law  of  rmss  action)  falls,  i.e.  its  equilibrium 
concentration  falls. 

The  quantity  M  =  _ carbamate _  i.e.  the  fraction  of  carbamate 

carbamate  +  carbonate 


COzf  i®  ®  maxlmua  at  pH  10,  accordingly  to  Faurcholt.  .  ’  •  - 

In  the  course  of  neutralization  of  arcnoniacal, liquors,  with  a  degree  of  carhona- 
tlon  equal  to  llOjt  (at  the  critical  point),  their  pH  attains  the  value  10, 

-  .  The  formation  of  HaBCOs  proceeds  at  the 

^  expense  of  the  conversion  of  CO3  '  —  Ions  of 

jpK  ceurhonate  Into  the'  ECO3  Ions  of  hlcarhonate 

absorption  of  CO2S 

^  *  I  ^  C03‘  +  H2CQ3  *  2BC03* 

h  r*  As  the  hulk  of  the  CQ2  Is  Initially 

♦f  homid  as  carbamate,  the  quantity  of  C03"lons 

.  .  .  .  .  .  .  present  In  the  solution  up  to  the  critical 

t  f)  Z>  30  (lO  50  ^  point  Is  Insufficient  for  the  development 

®  -  •  In  the  liquor  of  a  sufficient  super satura- 

Flg.8.  Effect  of  seed  tlon  of  NagCOa  or  NaECOa  to  ensure 

crystals  on  the  degree  of  crystallization. 


6  P  Z>  30  la  50  (0 

Fig. 8.  Effect  of  seed 
crystals  on  the  degree  of 
super saturation. 
a)  Quantity  of  NaECOa  (in  n.d) 
B)  Quantity  of  seeds  (in  n.d) 

1)  Degree  of  supersaturation; 

2)  quantity  of  NaECOa  precipi¬ 
tated.  The  Initial  solution 
vas  carbonated  preliminarily 
to  C  =  120^. 


In  the  process  of  carbonatlon  there  is 
no  sharp  point  at  vhlch  the  breakdown  of 
carbamate  Is  checked.  The  rate  of  the  break¬ 
down  may  be  increased  by  accelerating  the 
carbonatlon,  l.e.  the  neutralization  of  the 
ammonia  by  the  CO2,  because  as  the  distance  of 
the  system  from  the  equilibrium  point 
Increases  the  rate  of  movement  towards’ 


equilibrium  Increases,  l.el  the  rate  of 
decomposition  Increases.  Nevertheless  both  the  hydration  of  CO2  and  the 
crystallization,  require  some  minimum  time,  which  explains  the  failure  of  attempts  • 
to  achieve  carbonation  In  a  few  seconds  by  atomizing  the  ammoniacal  liquor  [9l  in 
order  greatly  to  Increase  Its  absorbing  surface. 

The  super  saturation  vhlch  we  have  studied  Is  therefore  of  a  crystalllzational 
character;  Its  elimination  completely  follows  the  usual  laws  of  crystallization. 
The  conditions  of  the  development  of  this  supersaturation,  however,  are*  to  a 
considerable  degree  decided  by  the  conditions  for  the  breakdown  of  ammonium 
carbamate  which  Is  formed  in  the  first  phase  of  carbonation.  This  factor  has  a 
co&siderable  importance  up  to  the  critical  point,  where  a  pE  of  10  Is  attained. 

Its  effect  on  the  further  course  of  the  carbonation  Is  then  small. - 


I  SUMMARY 

I  1)  In  the  process  of  carbonatlon  of  ammonia-soda  solutions,  strongly  super- 

?  saturated  solutions  of  sodium  bicarbonate  are  formed.  The  degree  of  super- 
saturation  may  exceed  the  solubility  of  sodium  bicarbonate  5-7  fold. 

2)  The  Intensive,  autocatalytlc  development  of  crystallization  begins  only 
when  a  sufficient  degree  of  neutralization  of  the  ammonia  by  CO2  has  been 

'  achieved  —  at  llO^o  carbonatlon  and  pH  10  —  apart  from  Its  dependance  on  the  rate 
of  carbonatlon.  This  point  Is  a  critical  one. 

3)  When  carbonatlon  Is  stopped  before  attaining  the  critical  point,  a 
I>erlod  of  induction  typical  of  supersaturated  solutions  Is  observed.  Increasing 
in  length  exponentially  with  decrease  in  the  degree  of  supersaturation. 

■  4)  The  rate  of  crystallization  of  sodium  bicarbonate  from  supersaturated 

solution  is  proportional  to  the  third  power  of  the  degree  of  supersaturation. 

I  5)  Raising  the  temperature  and  lowering  the  rate  of  carbonatlon  decreases 

I  the  degree  of  super  saturation.  From  the  experimental  data  it  can  be  concluded 


that  at  60*  under  the  actual  conditions  of  operation  of  carhonatlon  towers, 
the  super  saturation  cannot  exceed  6-8  n.d.,  which  Is  confirmed  hy  observations 
on  towers. 


6)  Stirring  has  only  a  small  effect  on  the  rate  of  elimination  of  super- 

•  !.  saturation.  . •'  • 

•  7)  Study  of  the  real  degree  of  super  saturation  at  various  heights  In  a 
carhonatlon  tower  showed  that  In  normal  operation  the  supersaturation  does  not 
exceed  4-5  n.d.  It  Is  fixed  at  two  points:  at  the  start  of  crystallization  In 

I  the  hot  zone,  and  at  the  beginning  of  sudden  cooling  of  the  liquid  In  the  cold 

I  zone.  With  abnormal  conditions  of  operation  of  a  tower  the  supersaturation  may 

!  '  rise  to  8-9  n.d.,  rlalng  at  any  point  where  the  absorption  of  CO2  and. 

consequently,  the  formation  of  blcaurbonate  Is  increased  for  any  reason. 

8)  At  any  rate  of  carhonatlon  the  super saturation  continues  to  Increase 
’  after  the  beginning  of  crystallization  right  up  to  the  critical  point,  where  the 

•  !  rate  of  crystallization  sharply  accelerates  and  the  super satui*at Ion  begins  to 

-  decrease  rapidly.  The  peak  rate  of  absorption  of  CO2  is  also  In  the  Immediate 

neighborhood  of  this  point.  The  break  In  the  course  of  crystallization  and  of 
absorption  always  occurs  In  solutions  at  a  definite  pH. 

f 9)  Slow  crystallization  may  begin  earlier  than  the  critical  point.  In  this 
region  extremely  well-formed  spindle-shaped  crystals  of  bicarbonate  are  formed, 

*.!  containing  an  enhanced  quantity  of  sodium  carbonate  and,  possibly,  of  carbamate. 

At  the  point  of  commencement  of  rapid  crystallization  only  prismatic  crystals 
with  blunt  ends,  which  easily  cluster  together,  are  formed. 

•  10)  The  IntrodiKtlon  of  crystal  seeds  before  the  critical  point  does  not 
forestall  the  development  of  super saturation.  In  the  further  stages  of 
carhonatlon  the  presence  of  seeds  does  forestall  the  development  of  super- 
saturation  above  7-8  n.d. 

11)  The  existence  of  the  critical  point  and  the  inefficiency  of  seed 
crystals  or  of  stirring  demonstrate  that  the  supersaturation  is  determined  not 
only  by  crystallizational  factors.  A  preliminary  analysis  shows  that  the 
critical  point  Is  connected  with  the  presence  in  solution  of  ammonium  carbamate  or 
of  similar  compounds,  formed  In  the  Initial  stages  of  carhonatlon.  The  decomposl- 

•  '  tion  of  the  carbamate,  necessary  for  the  formation  of  carbonates.  Increases  after 

reaching  a  pH  of  10.  This  decomposition  does  not  occur  at  any  definite  point 
,  of  the  carhonatlon  or  crystallization.  It  may  be  arbitrarily  Increased  by 

•.  Increasing  the  rate  of  carhonatlon,  by  Increasing  the  absorbing  surface,  or  by 

Increasing  the  quantity  of  CO2  supplied.  Carbamates  induce  the  rapid  formation 
of  coarse  crystallizational  super saturation  at  the  critical  point,  which 
negatively  affects  the  conditions  of  development  of  crystals. 

‘  The  construction  and  operation  of  carhonatlon  towers  should  be  aimed  at 

avoiding  the  formation  of  such  supersaturation  by  raising  the  temperature  and 
I  slowing  down  the  process  of  carhonatlon  when  crystallization  stajrts. 

•  >  {  12)  The  data  on  the  kinetics  of  absorption  of  CO2  obtained  during  the  study 

i  of  supersaturation  showed  that  the  rate  of  absorption  is  at  a  maximum  when  the 
‘  temperature  Is  60*.  Beginning  at  105yo  carhonatlon,  the  temperature  at  which  the 
rate  of  absorption  Is  an  optimum  is  45*  and  when  I6OJ&  carbonation  Is  attained 
'  the  absorption  proceeds  rapidly  at  30* •  It  Is  therefore  Impossible  to  speak  of 

any  particular  temperature  as  an  optimum  one  for  the  rate  of  absorption  of  002* 


-i- 


I 


Pig.  7*  Kicrophotograph  of  blcartonate 
crystals  formed  during  the  period  of 
slow  crystallization. 
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•  CHARGE  OF  ACIDITY  OF  THE  CATHODE  REGIOT 


.  Dr  THE  ‘  ELBCTRODEPOSmOR  OF- METALS  *,  • 

B.  Y.  Berezina  anS  G.  S.  Vozdvizhensky." 

The  Importance  of  the  acidity  of  the  electrolyte  In  relation  to  the  electro-' 
deposition  of  metals  Is  veil  known.  The  change  of  acidity  of  the  cathode  region  Is 
of  particular  Importance.  However  the  methods  available  for  measuring  this  Import¬ 
ant  factor  are  at  present  virtually  non-existent.  In  electroplating  practice  It 
Is  usual  to  he  content  with  a  measurement  of  the  acidity  of  the  hath.  Attempts  to 
determine  the  acidity  of  the  cathode  region  have  heen  made  hy  a  number  of  Investigat¬ 
ors  [l].  They  all  Indicate  the  presence  of  a  cathode  filn  alkaline  hy  comparison 
with  the  hath  as  a  whole.  But  experiments  hy  one  of  us  [2]  have  established  that 
the  alkalinity  of  cathode  films  In  the  electrodeposition  of  nickel  can  reach  very 
high  values  (pH  >8).  -  •  .  • 


In  order  to  verify  and  Increase  the  precision  of  these  observations,  and  with 
the  idea  of  extending  them  to  other  cases  of  electrolysis,  we  undertook  the  working 
out  of  an  electrolytic  method  for  the  determination  of  the  pH  In  the  cathode  region 
during  the  process  of  electrolysis,  and  the  adaption  of  this  method  to  certain 
processes  of  great  practical  Importance.  Far  this  purpose  we  selected  the  metal- 
hydrogen  electrode  method,  operating  simultaneously  on  the  cathodes  and  the 
elec trolyt leal  cells.  The  use  of  metal-hydrcgen  electrodes  for  the  determination 
of  pH  In  the  space  around  the  cathode  In  electrolysis  Is  based  on  the  ability  of 
certain  metals,  such  as  platinum,  nickel,  and  others,  to  absorb  hydrogen  liberated 
at  them  during  electrolysis  and  to  form  as  a  result  a  stable  hydrogen  electrode, 
l.e.,  one  In  which  there  Is  a  regular  change  of  potential  with  change  of  the 
concentration  of  hydrogen  Ions  In  solution.  Being  a 'cathode,  the  hydrogen  electrode 
Is  present  in  the  space  In  which  It  Is  desired  to  measure  the  pH,  and  thus  can 
penetrate  into  spaces  which  It  Is  practically  Impossible  to  reach  by  other  methods. 


We  studied  platinum  and  nickel  as  metal  hydrogen  electrodes. 

It  Is  not  necessary  to  give  a  detailed  statement  about  the  basic  principles 
of  the  use  of  a  platinum -hydrogen  electrode,  which  Is  well  known  and  widely  used. 
Some  details  about  the  nickel-hydrogen  electrode  will  be  given. 


We  selected  the  nickel-hydrogen  electrode  firstly  because  It  Is  known  from 
published  sources  [3]  that  In  certain  circumstances  the  nickel  electrode  behaves 
as  a  hydrogen  electrode,  and  secondly,  because  we  could  determine,  with  the  nickel- 
hydrogen  electrode  vnlues  of  the  pH  of  the  cathode  region  under  the  same  xondlb Ions 
as  those  In  which  nickel  baths  operate. 

EXPEKDENTAL 


The  apparatus  for  the  determination  of  the  pH  In  the  cathode  region  with 
the  aid  of  the  metal-hydrogen  electrode  was  set  up  along  usual  lines.  The  electro¬ 
lysis  was'xrarrled  out  In  a  glass  vessel,  100  ml  capacity.  The  cathode,  around 
which  It  was  desired  to  measure  the  pH  of  the  electrolyte  during  operation. 

Served  at  the  same  time  as  a  metal-hydrogen  electrode.  As  a  comparison  electrode 
We  used  a  saturated  calomel  electrode.  To  determine  the  EM?  between  the  calomel 
electrode  and  the  metal -hydrogen  one,  a  polarizing  xlrcu  It  was  switched  Innodnut 
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by  means  of  an  Interrupter,  enabling  us  to  switch  off  the  polarizing  and  switch  in 
the  measuring  circuit  instantaneously. 

In  the  first  series  of  experiments,  we  studied  the  change  in  the'  concentration 
.of  hydrogen  ions  in  the  cathode  region  during  the  electrolysis  of  solutions  of  • 
sulfuric  acid  with  platinum  electrodes  [4],  The  cathode  was  coated  with  platinum 
black.  Measurement  of  the  EMF  was  begun  5  minutes  after  the  beginning  of  electro¬ 
lysis.  The  conditions  of  electrolysis  were  changed  In  two  directions:  by  changing 
the  concentration  of  acid  in  the  solution  at  constant  current  density,  and  by 
changing  the  current  density  in  solutions  of  definite  concentration. 

The  results  obtained  are  set  forth  in  Fig.  1.  If  the  pH  values  obtained  for 
the  cathode  region  are  compared  with  the  av.  pH  values  of  the  solution,  found  with  a 
qulnhydrone  electrode,  it  emerges  that  in  the  electrolysis  of  0.1  H  H2SO4  the  pH 
In  the  cathode  region  changes  by  one  unit  for  change  of  the  current  density  from 
0  to  15  A/diu^. 

-In  the  electrolysis  of  0.01  N  solution  of  sulfuric  acid,  the  curve  of 
current  density  versus  pH  is  different.  At  comparatively  small  c.d.*8,  e.g.  up 
to  1  A/dm^,  the  pH  of  the  solution  in  the  cathode  region  Increases  slowly  with 
Increase  in  cathode  c.d.  Later  on  a  very  rapid  rise  of  pH  with  Increase  of  cathode 
. c.d.  sets  in.  When  the  c.d.  changes  from  1  to  1.7  A/dm^  the  pH  changes  from  5  to 
10  units. 

The  rise  in  the  pH-c.d.  curve  during  the  elertroylsls  of  0.001  H  H2SO4  sets 
in  at  considerably  lower  c.d's.  Thus,  at  0.2  A/dm^  the  pH  rises  to  10  units, ^whlle 
in  the  electrolysis  of  0.01  N  H2S04  such  a  value  is  attained  only  at  1.7  A/dm  . 

The  shape  of  the  curves  changes  regularly  with  change  of  concentration  of 
the  acid.  The  stairt  of  the  rise  in  the  curve  for  0.001  N  H2SO4  lies  somewhere  in 
the  region  of  extremely  small  c.d. *8. 

The  second  series  of  experiments  was  carried  out  with  a  smooth  platinum 
cathode.  . 

The  conditions  were  the  same  as  for  the  first  series  of  experiments.  0.1, 

0.01,  and  0.001  N  H2SO4  served  as  electrolj'tes.  The  results  obtained  are  set 
forth  in  Fig.  2.  ^  • 

The  general  character  of  the  pH-c.d.  curves  are  the  same  as  in  the  first 
series  of  experiments,  but  there  is  a  certain  shift,  which  may  be  explained  by 
the  fact  that  when  set  up  on  smooth  platinum,  the  hydrogen  electrode  is  not 
completely  reversible. 

The  pH-c.d.  curve  for  the  electrolysis  of  0.1  N  H2SO4  shows  that  for 
corresponding  current  desnltles  the  pH  values  are  lower  than  in  the  first  series 
of  experiments.  Similarity  in  the  results  between  the  two  series  was  obtained 
only  when  approaching  a  c.d.  of  I.5  A/du^.. 

The  rise  on  the  curve  for  the  electrolysis  of  0.01.  N  H2SO4,  begins  some¬ 
what  earlier  than  in  the  first  experiments,  but  is  not  so  sharp.  A  pH  of  10  is 
attained  when  the  c.d.  is  2.2  A/dm^*. 

In  the  electrolysis  of  0.001  N  sulfuric  acid,  as  in  the  first  series,  there 
was  a  rapid  rise  of  pH  with  increase  in  c.d.,  only  somewhat  displaced  towards  lover 
c.d.*s.  The  region  where  the  change  of  pH  with  c.d.  is  gentle  lies  lever  than  a 
pH  of  about  1. 

In  parallel  with  these  experiments,  others  were  carried  out  In  which  Indicators 
were  used.  0.1,  0.01,  and  0.001  N  H2SO4  were  subjected  to  electrolysis.  The'cnirreut 
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density  vas  changed  frca  0  to  1.7  A/dm^  and  higher.  Phenolphthaleln  vas  used  as 
an  Indicator.  The  electrodes  were  of  platinum.  As  a  result  of  these  experiments 
the  following  Information  was  obtained:  In  the  electrolysis  of  0.1  N  H2SO4  phenol¬ 
phthaleln  does  not  change  color  in  the  cathode  region  within  the  limits  of  the  c.d.'s 
used,  which  went  up  to  10  A/dm^  and  higher.  The*  bulk  of  the  electrolyte  remained 
colorless.  *  •  .  . 


Similarly,  there  was  no  change  in  color  of  the  Indicator  In  the  electrolysis 
of  0.01  N  H2SO4  at  lower  current  densities,  but  at  c.d.'s  of  1.5-1.7  A/dm^  a. very 


thin  pink  layer  appeared  around  the  cathode. 


OS  id  tn- 
Pig.  1.  Effect  of  change  6a  the 
pH  of  the  cathode  solutlorl  In 
H2SO4  of.  different  concentrations 
with  cathodes  coated  with  platinum 
black. 

A  -  Concentration  of  hydrogen  Ions 
B  -  Current  density  (A/dm^).  1  - 

O.-DOl  N  H2-O4;  2  -  T7.-D1  N  H2SO4; 

5  -  0.1  N  H2SO4. 


^  \  OS’  St  iS.  P 
Pig.  2.  Effect  of  change  of  c.d. 

-  on  the  pH  in. difference  concentra¬ 
tions  of  H2SO4  at  a  smooth 
platinum  cathode. 

A  -  Concentration  of  hydrogen  lonf 
B  —  Current  density  (A/dm^). 

1  -  0.001  N  £2804;  2  -  0.01  K 
H2SO4;  3  -  X.IT?  H2SO4.. 


The  change  In  color  of  phenolphthaleln  In  the  cathode  region  during  the 
electrolysis  of  0.001  N  H2SO4  occurred  at  a  c.d.  as  low  as  0.1-0. 2  A/dm^.  Here 
the  volume  of  the  colored  space  vas  larger.  The  coloration  of  the  Indicator 
also  appeared  much  sooner  after  switching  on  the  current  (1-2  secs),  and  . 

disappeared  considerably  more  slowly  after  switching  off  than  in  the  electrolysis 
of  0.01  N  H2SO4. 

The  results  of  experiments  using  Indicators  are  In  full  accord  with  the 
results  obtained  when  using  the  hydrogen  electrode. 

It  Is  known  that  the  region  of  transition  of  phenolphthaleln  from  the  * 
colorless  to  the  colored  form  lies  at  pH's  of  8.3-10.5-  The  coloration  of 
the  phenolphthaleln  In  the  cathode  region  occurred  In  the  electrolysis  of  the 
0.01  N  acid,  commencing  at  a  c.d.  of  1.5-1. 7  A/da^,  corresponds  to  the  character 
of  the  curves  shown  in  Fig.  2.  The  appearance  of  color  In  the  electrolysis  of 
0.001  N  acid  occurs  at  the  same  current  density  as  that  at  which  the  curve  for 
the  corresponding  solution  (Fig.  2)  bends  round,  lying  at  8-9  pH. 

These  results  appear  to  confirm  the  results  obtained  with  the  platlnum- 
hydrogen  electrode.  *  •  ' 

In  the  following  series  of  experiments  the  change  of  the  concentration  of 
hydrogen  Ions  in  the  process  of  the  electrodeposition  of  nickel  vas  studied. 
Initially  we  will  deal  with  experiments  using  cathodes  of  smooth  platinum. 

The  electrolytes  were  nickel  sulfate  solutions  of  different  concentrations 
In  0.001  H  H2SO4.  Tlie  concentration  of  nickel  sulfate  in  the  electrolyte  vas 


varied  from  0.1  to  1.7-1. 8  N,  l.e.,  it  approached  a  value  generally  used  In 
nickel-plating  baths.  The  results  are  presented  In  Fig.  3- 
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The  pH  vas  calculated  on  the  assumption  that  the  platinum  electrode 
behaves  as  a  hydrogen  electrode  under  these  conditions,  and  that  to  a  certain 
degree  of  approximation  it  reflects  changes  in  the  hydrogen  ion  concentration 
of  the  cathode  region,  and  on  the  assumption  that  the  main  portion  of  the 
cathode  potential  is  determined  by  the  rate  of  discharge  of  hydrogen  ions  and 
not  of  nickel  ions. 

The  experiments  shoved  that  in  the  electrolysis  of  the  solutions  mentioned, 
at  a  c.d.  of  0.2  A/dn^,  and  when  the  nickel  concentration  was  low  (0. 1-0.9  N), 
there  vas  a  considerable  elevation  of  the  pH  —  up  to  ll-lj  units.  Under  these 
conditions  hydrogen  vas  discharged  almost  exclusively  on  the  cathode,  and  a 
strong  alkallnlzation  of  the  cathode  region  vas  produced,  conditioned  by  the 
precipitation,  in  the  immediate  neighbourhood  of  the  electrode,  of  basic  salts 
of  nickel  in  large  quantity.  Beginning  at  0.1-0. 9  H  nickel  sulfate,  n»talllc 
nickel,  usually  of  a  black  or  greyish  color,  vas  deposited  on  the  cathode. 

The  pH  in  these  cases  stayed  fairly  constant  at  a  lover  value  {c^  Q.5)« 

At  a  cathode  c.d.  of  0.5  A/da^  the  range  of  nickel  sulfate  concentration, 
characterized  by  the  strong  alkallnlzation  and  by  a  large  amount  of  basic  nickel 
salt  precipitated  from  the  solution,  vas  considerably  displaced.  It  vas 
covered  by  a  change  of  nickel  sulfate  concentration  in  the  solutions  investigated 
from  0.1  to  1.1  -  1.2  N. 

At  a  nickel  sulfate  "concentraxiion  of  1.5  “  1.5  ^  more  narked  deposition 
of  metallic  nickel  on  the  electrode  occurred. 

The  pH  of  the  electrolyte  at  which  metallic  nickel  discharged  at  the 
cathode  always  remained  about  9.5« 

In  the  electrolysis  of  the  solutions  at  a  cathode  c.d.  of  0.8  A/dm^, 
no  change  of  pH  with  change  of  nickel  sulfate  concentration,  within  the  limits 
of  our' observations,  vas  found.  The  pH  always  remained  high  (  12).  Basic 

salts  were  observed  in  the  cathode  region  under  these  conditions. 

At  lower  nickel  sulfate  concentrations  higher  pH*s  in  the  cathode  region 
were  observed.  This  vas  even  visually  obvious  in  the  deposits  of  basic  nickel 
sulfate  precipitated. 

The  cathode  current  density  similarly  had  a  notable  effect  on  the  change 
of  the  acidity  of  the  electrolyte  in  the  cathode  region.  At  concentrations  of 
nickel  sulfate  at  which  the  pH  kept  more  constant,  a  quite  definite  correlation 
exists  hetween  lihe  change  of  pH  and  the  cathodic  c.d.  The  higher  the  Dj^,  the 
larger  the  pH  which  is  attained  by  the  electrolyte  bathing  the  cathode. 

All  experiments  carried  out  with  nickel  cathodes  can  be  divided  into  two 
groups.  In  the  first  group  the  objective  vas  to  follow  the  changes  of  pH, 
determined  by  the  nickel  electrodes,  as  they  were  affected  by  changes  in  the 
cathode  c.d.  and* by  changes  in  the  concentration  of  nickel  sulfate  in  the 
electrolyte.  The  experiments  in  the  second  group  were  designed  to  establish 
•the -change 'Of  pH  of  the  electrolyte  In  electrolysis  with  ch:\nge  of  concentration 
of  nickel  sulfate  and  of  sulfuric  acid. 

The  experiments  of  the  first  group  were  analogous  to  those  with  platinum 
cathodes  described  above.  The  difference  in  these  experiments  consisted  in  the 
fact  that  nickel-plated  plates,  jirepared  from  pure  nickel  were  used  as  cathodes. 
Before  each  determination,  the  nickel  cathodes  were  treated  as  follows:  they 
were  first  carefully  degreased  with  concentrated  Ka3P04,  after  which  they  were 
washed  with  water  and  plated  in  the  usual  nickel  hath  for  10  minutes.  After 
this  preliminary  preparation  they  were  washed  with  water,  rinsed  with  the 
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electrolyte  to  be  uced  In  the  experloent,  and  then  Inserted  Into  the  circuit  as 
a  cathode'^.  'J*ter  h  and  5  minutes  of  electrolysis,  in  the  course  of  which 
c<iiilllbrluja  was  established,  the  potential  of  the  cathode  was  measured,  A 
platinum  plate  was  used  as  anode.  ‘  •  v  .  • 

.The  electrolyte  as  in  previous  experiments  with  a  platinum  cathode,  was 
0.001  N  H2SO4  containing  different  amounts  of  nickel  sulfate.  The  concentration 
of  NiS04  changed  from  0,1  to  1.9  N.  The  cathode  current  density  changed  from 
0.2  to  1.6  A/dm^.  '  _  .. 


CZ  Qk- C4  0.i  u>  a  u 


02  ofr  04  is  0f.i 


Fig.  3.  Effect  of 
concentration  of ■NiS04  at 
different  current  densities 
on  the  change  of  the  pH  at 
a  platinum  cathode. 

A  -  Concentration  of 
hydrogen  Ions.  B  —  Concentra¬ 
tion  of  NISO4.  Current  dens¬ 
ity  (In  A/dn^):  1  -  0.8; 

2  -  0.5;  3  ■“  0.2.  pH  values 
found:  1-2  and  3  “  on 
platinum  hydrogen  electrode; 

4  -  on  quinhydrone  electrode. 


Fig.  4.  Effect  of  concentration' 
of  nickel  sulfate  (n)  at 
different  current  densities  on 
the  pH  at  a  nickel  cathode. 

A  —  Hydrogen  Ion  concentration; 
B  —  RiS04  concentration  ‘(N)  . 
Current  densities  (in  A/dm^):  ^ 

1  -  1.6;  2  -  1.2;  3  -  0.8; 

4  —  0.5;  5  ■*  0.2.  pH  values 
obtained:  1,2,3>4  and  5  ”  nb  a 
nickel  hydrogen  electrode;  6  - 
at  a  quinhydrone  electrode.  • 


The  data  obtained  with  nickel  electrodes  are  shown  In  Fig.  4. 
The  values  of  the  pH,  calculated  from  the  potential  of  the  cathode, 
changed  during  electrolysis.  Calculations  were  made  via  the  formula 
for  the  hydrogen  electrode  In  accordance  with  the  literature  refer¬ 
ences  mentioned  above,  according  to  which  the  nickel  electrode, 
under  certain  conditions,  behaves  as  a  hydrogen  electrode. 

The  data  obtained  show  that  In  general  the  pH  of  the  cathode 
region  depends  on  the  density  of  the  polarizing  current  and  the 
concentration  of  nickel  sulfate  In  the  solution,  and  that  the  nature 
of  the  changes  Involved  Is  similar  to  that  already  seen  the 
smooth  platinum  cathode.  Thus,  as  In  the  first  case,  where  the 
concentration  of  nickel  was  such  that  a  constant  cathode  potential 
vas  reached,  the  pH  increased  regularly  with  Increase  In  current 
density.  With  IriCrea-se  in  the  c.d.  from  0.2  to  0.8  .*./dm^  the  pH 
Increased  sharply,  from  8.2  to  12.1  units.  With  further  Increase 
In  the  cathode  c.d.  the  pH  Increased  more  slowly.  Thus,  with 
Increase  of  from  0.8  to  1.6  A/dm^  the  pH  increased  from  12.1 
to  12.7. 
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.It  should  also  he  noted  that  there  Is  a  certain  divergence  between  the 
data  obtained  at  a  nickel  cathode,  and  that  obtained  at  a  platinum  cathode. 

Thus,  ab  a  current  density  of  X5.2  A/dn®,  with  a  nickel  cathode  the  pH 
approaches  a  constant  value  at  a  lover  concentration  of  nickel  sulfate  than 
at  a  platinum  cathode  (0. 75-0.80  N  compared  with  0.95  N),  but  the  pH  Is  0.3- 
0.4  units  lower  than  that  observed  on  the  platinum  cathode. 

At  a  cathode  current  density  of  0.5  A/dm^  on  a  nickel  cathode  the  pH 
approaches  a  constant  value  for  a  nickel  sulfate  concentration  of  about  1.2  N 
as  compared  with  1.5  N  on  a  platinum  cathode.  The  pH  obtained  on  a  nickel 
cabhoHe  Is  about' 0.12  units  "higher  than  that  on  a  platinum  one.  The  pH*s 
obtained  at  0.8  A/dm^  are  neaurer.  Thus  within  the  limits  of  nickel  sulfate 
concentration  of  I.5  to  1.8  N  they  differ  only  by  0. 1-0.2  units. 


Fig.  5*  Effect  of  the  Initial  concentration  of  H2SO4  and  of  NISO4  on  the 
pH  of  the  electrolyte  around  the  cathode. 

A  -  pH;  B-  NiS04  concentration  (N)t  1  -  at  a  nickel-hy^ogen  electrode, 

2  -  at  a  qulnhydrone  electrode.  Concentration  of  H2SO4  (N):  a  -  0.01, 
b  —  0.001,  c  -  0.00001,  d  —  O.O  (pure  water). 

The  experiments  of  the  second  group  with  nickel  cathodes  were  designed  to 
follow  the  changes  of  the  pH  In  the  cathode  region  as  a  function  of  the  Initial 
concentration  of  the  nickel  sulfate  and  of  the  sulfuric  -add  In  the  electrolyte 
The  concentration  of  nickel  sulfate  was  changed  from  0.1  to  2.2  N,  and  the 
sulfuric  acid  from  0  to  0.01  K. 

All  the  experiments  were  carried  out  with  platinum  anodes  and  nickel 
cathodes,  prepared  In  advance  as  In  the  previous  experiments.  The  cathode 
c.d.  employed  was  0.2  A/dm^.  For  each  freshly  prepared  solution  the  pH  was 
determined  with  a  qulnhydrone  electrode. 

The  results  of  the  experiments  are  presented  in  Fig.  5  (a  -  d). 

The  results  obtained  show  that  In  the  electrolysis  of  all  the  conposltioni 
that  we  Investigated,  there  Is  a  region  In  which  the  pH  Is  constant,  beginning 
at  a  certain  quite  definite  value  of  the  nickel  concentration.  It  Is  character 
Istlc  that  the  higher  the  pH  of  the  initial  solution,  the  lower  the  difference 
between  the  latter  and  the  pH  found  In  the  cathode  space  with  the  aid  of  the 
nickel  electrode  at  the  beginning  of  the  electrolysis. 


Thus,  in, the  electrolysis  of  0.01  N  H2SO4  containing  nickel ' sulfate  this 
difference  reached  6.5  units,  and  In  the  electrolysis  of  0.001  and  0.00001  H  • 
solutions  with  the  sane  addition  of  nickel  sulfate  the  differences  were,  respect¬ 
ively,  ^*9  2.2  pH  units.  If  the  Initial  electrolytic  solution  Is  an  aqueous 

solution  of  nickel  sulfate,  containing  no  sulfuric  acid,  then  this  difference  Is 
only  0.5  units.  ...  .  *  .  .  . .  •  * 

:  .  -DISCUSSION  OF  RESULTS,  AND  CONCLUSIONS. 

The  method  ve  used  for  determining  the  H  Ion  concentration  In  the  cathode 
region  In  the  electrodeposition  of  nickel  and  the  electrolysis  of  sulfuric  acid 
has  completely  Justified  Itself. 

Metal-hydrogen  electrodes,  as  ve  have  seen,  can  reflect  the  pH  of  liquid 
around  the  cathode  under  a  vide  range  of  conditions.  ’  .  _ 

The  metal-hydrogen  electrode  method  can,  apparently,  he  reckoned  as 
unique  In  Its  ability  to  penetrate  Into  regions  in  the  Immediate  neighbourhood 
of  the  cathode.  The  pH's  found  by  this  method  are  In  complete  agreement  vith 
the  results  of  observations  made  vith  Indicators. 

The  pH  of  the  cathode  space  shows  a  regular  dependance  on  the  current 
density,  on  the  general  H  Ion  concentration,  and  on  the  concentration  of  metal 
Ions  In  the  solution.  For  nickel*  this  dependance  agreed  veil  vith  the  current 
efficiency  for  the  metal  as  a  function  of  the  hydrogen  Ion  concentration. 

The  experimental  results  obtained  make  It  possible  to  claim  that  the 
task  of  determining  the  pH  of  the  liquid  around  the  cathode  during  the  electro¬ 
lysis  of  nickel  Is  in  the  main  solved. 

From  analysis  of  the  experimental  material  relative  to  the  change  of  pH 
of  the  cathode  space  in  the  electrolysis  of  nickel  sulfate  and  sulfuric  acid 
at  different  concentrations  of  sulfuric  acid.  It  emerges  that  under  these 
conditions  a  considerable  alkallnizatlon  of  the  cathode  space  occurs. 

Thus  the  results  of  measurement  of  the  pH  of  the  cathode  region  vith  a 
platinum  hydrogen  electrode  show  that  In  certain  cases  this  alkallnizatlon  may 
reach  a  pH  of  9-10.  The  pH  of  this  space  Is  mainly  dependent  upon  the  H  Ion 
concentration  In  the  electrolyte  and  the  current  density  used.  Such  a  large 
alkallnizatlon  Is  due  to  the  non-equivalence  of  the  rates  of  two  processes: 
the  rate  of  discharge  of  hydrogen  Ions,  and  the  rate  at  which  the  concentra¬ 
tion  of  hydroxyl  Ions  is  balanced  out  by  diffusion. 

The  electrolysis  of -solutions  of  sulfuric  acid  is  the  simplest  case/  here 
only  one  Ionic  species  Is  discharged  at  the  cathode  —  H  Ions.  In  more  complex 
cases,  where  other  Ions  are  discharged  simultaneously  vith  H  ions,  the  process 
Is  considerably  more  complicated.  As  an  example ^may  be  taken  the  electrolysis 
of  nickel  In  the  presence  of  sulfuric  acid,  which  we  investigated,  and  where 
there  is  a  simultaneous  discharge  of  nickel  and  hydrogen  Ions. 

In  cases  where  the  cations  yield  compounds  of  low  solubility  -with  hydroxyl 
Ions,  they  precipitate  In  the  form  of  Insoluble  hydroxides  or  basic  salts.  In 
other  cases  the  cations  may  yield  soluble  compounds  vith  hydroxyl  Ions.  The 
concentration  of  hydrogen  ions  in  these  cases  may  be  determined  by  the  dissocia¬ 
tion  constants  of  these  compoiinds.  Wh^n  there  Is  simultaneous  discharge  of  metal 
and  hydrogen  Ions,  the  change  of  the  pH  In  the  cathode  layer  depends  on  the 
current  efficiency  for  the  metal  and  for  hydrogen.  The  larger  the  current 
efficiency  for  hydrogen,  the  higher  the  pH  may  go.  The  current  efficiency  for 
metal  and  hydrogen  in  Its  turn  depends  on  the  current  density  and  the  pH  of  the 
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solution  undergoing  electrolysis.  Therefore,  In  order  to  elucidate  the  real 
state  of  affairs  In  the  cathode  region  all  these  factors  must  he  examined  for 
their  mutual  influence  on  one  another, 
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ELECTRODE  POTEOTIALS  IN  THE  ELECTROLYSIS  OF  DIFFERENT  SALTS  AT 
:  •  A  MEKCURY  ELECTRODE  ’  ;•  ‘ 


P.  P,  Tsyb  an(J  M.  T,  Kozlovsky 


3.  M.  Kirov  State  University,  Kazakh 


I  In  the  previous  communication  It  vas  noted  that  our  Investigation  was 

i  directed  to  the  study  of  the  effect  of  different  factors  both  on  the  cathode  * 

:  process  In  the  electrolytic  deposition  of  izetals,  and  on  the  anodic  decompo- 
-i  sltlon  of. amalgams.  .The  work  reported  here  was  aimed  at  elucidating  the  effect 
I  of  certain  factors  on  the  potential  of  the  cathode  and  anode  In  the  electrolysis 
^  of  salts  of  -  tin  and  cadmium.  v  • 

.  .  •  ■  . 
I  The  potential  of  amalgams  containing  different  quantities  of  tin  and  cad- 

j  nlum  have  been  the  subject  of  detailed  study  [2,3].  However  these  Investigations 
I  were  directed  to  the  elucidation  of  the  physical  properties  of  amalgams,  and  not 
I  for  utilizing  the  results  obtained  In  electrolysis.  The  discharge  potential  of 
I  metals  on  a  mercury  electrode  has  been  studied  polar ographically  [4-5];  these 
1  results  may  to  a  certain  extent  be  used  for  electrolysis  with  the  normal  mercury 
j  electrode.  But  account  must  be  taken  of  the  fact  that  In  electrolysis  with  the 
I  dropping  mercxiry  electrode  extremely  dilute  amalgams  are  obtained  and  the  cathode 
I  is  continuously  renewed,  while  In  electrolysis  with  the  ordinary  mercury  elec- ’ 

]  trode  the  concentration  of  metal  Increases  during  electrolysis,  which  Increase 
■f  should  cause  a  change  of  potential.  ...  •  . 

I  The  experiments  on  the  electrolysis  of  tin  and  of  cadmium  salts  were  carried 

rj  out  along  the  same  lines  as  those  reported  in  the  previous  communication  [1]. 
j  The  conditions  and  methods  of  carrying  out  the  experiments  were  the  same  as  in 
I  the  electrolysis  of  copper  reported  there  [l].  .  - 

I  -  .  •  EXPERIMENTAL  .  .  ‘  ^ 

1  Electrolysis  of  tin  salts.  The  solution  of  tin  sulfate  used  In  these  experl- 
I  meats  vas  prepared  by  treatment  of  stannous  chloride  with- concentrated  sulfuric 
j  acid  In  the  presence  of  metallic  tin,  with  subsequent  removal  of  excess  HCl  by 
I  evaporating  down  the  mixture,  the  residue  being  dissolved  In  N  H2SO4. 

■| 

;  Chemical  analysis  did  not  reveal  any  impurity  in  the  stannous  sulfate,  but 
j  spectrographlc  analysis  did  reveal  traces  of  lead,  zinc,  silver,  copper.  Iron, 

I  manganese  and  calcium. 

I  The  tin  vas  determined  gravlmetrically  as  stannic  oxide  in  the  solutions 
{prepared.  Tn  the  electrolytic  deposition  of  tin  on  a  mercury  cathode,  attempts 
I  were  made  to  separate  it  completely  from  a  solution  containing  sodium  sulfide 
land  gold  chloride  [6].  .  -  ' 

I _ Initially  experiments  were  carried  out  on  the  deposition  of  tin  on  a  mercury 

I  Communication  II  In  a  series  on  this  theme. 
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cathode  and  on  electrolytic  decomposition  of  the  amalgams  obtained.  For  this 
purpose  200  nl  of  a  solution  'of  known  tin  content,  1  N  In  sulfuric  acid,  were 
placed  In  an  electrolyzer,  and  precipitation  of  tin  on  a  mercury  electrode  vas 
carried  on  with  simultaneous  measurement  of  the  cathode  potential.  After  com¬ 
plete  separation  of  the  tin  the  polarity  vas  reversed  so  that  the  amalgam  be¬ 
came  the  anode,  and  the  platinum  gauze  the  cathode,  and  the  amalgam  obtained 
vas  deconi)Osed  electrolytlcally  vlth  simultaneous  measurement  of  the  anode  . 
potential.  The  electrolysis  vas  carried  on  until  no  black  turbidity  vas  pre¬ 
sent.  In  the  electrolyte  as  a  result  of  the  transfer  of  Ions  of  mercury  into 
the  solution,  vhlch  vere  then  reduced  to  the  metallic  state  by  Interaction  vlth 
the  tin  ions,  this  point  being  Indicated  by  a  sudden  rise  in  the  anode  potential. 
After  this  the  electrolysis  vas  stopped,  the  mercury  separated  from  the  elec¬ 
trolyte,  and  the  tin  In  the  solution  determined  quantitatively. 

The  experimental  data  on  the  electrolytic  deposition  of  tin  are  presented 
In  Table  1,  and  those  on  the  electrolytic  decomposition  of  the  amalgam  in  Table 

2. 

From  the  data  of  Table  1  it  follovs  that,  under  the  conditions  of  these 
experiments,  the  current  efficiency  vhere  the  tin  vas  completely  separated 
from  the  solution  vas  25-50^^  vhlch  is  explained  by  the  suaultaneous  discharge 
of  hydrogen  Ions  especially  towards  the  end  of  the  electrolysis  when  the  con¬ 
centration  of  tin  In  the  electrolyte  became  very  small,  and  also  when  current 
vas  consumed  In  reducing  tetravalent  tin,  obtained  by  the  anodic  oxidation  of 
divalent  tin,  and  also  by  oxidation  vlth  atmospheric  oxygen. 

From  the  data  In  Table  2  It  emerges  that  the  current  efficiency  In  the 
electrolytic  decomposition  of  amalgams,  with  formation  of  divalent  tin  ions  In 
solution  Is  107^.  The  deviation  from  100^  may  be  explained  by  the  oxidation 
of  divalent  tin  to  tetravalent  by  atmospheric  oxygen,  and  the^  reaction  of  the 
latter  with  the  tin  In  the  amalgam,  causing  a  transfer  of  tin  Into  solution: 

Sn  +  Sn'*'^  2Sn^‘^. 

Qu^tltatlve  determination  of  the  tin  going  Into  the  solution  fJrom  the 
amalgam,  shoved  that  the  tin  In  the  amalgam  can  be  practically  completely  ex¬ 
tracted  from  the  amalgam  by  this  method. 

In  the  following  series  of  experiments,  the  aim  vas  to  find  out  the  de¬ 
pendence  of  the  potential  of  the  cathode  and  anode  on  the  concentration  of  tin 
In  the  amalgam.  For  this  purpose  amalgams  containing  0.01,  0.1,  1,  2,  U,  8 
g-atoms  of  tin  per  liter  of  mercury  were  made  by  the  electrolysis  of  solutions 
of  stannous  sulfate  having  known  tin  concentrations,  and  measurements  of  cathode 
potential  and  —  after  changing  the  polarity  -  of  anode  potential  vere  c^de.  All 
the  measurements  vere  carried  out  on  200  ml  of  0.1  molar  stannous  sulfate,  con¬ 
taining  1  g-equiv  of  sulfuric  acid.  The  experimental  data  are  presented  In  Table 
3. 

From  the  experimental  data  presented  In  Table  3  it  Is  evident  that  with  In¬ 
crease  In  the  concentration  of  tin  in  the  amalgam  the  cathode  potential  displaces 
toward  core  negative  values.  However  this  vas  observed  only  up  to  a  concentration 
e.g.  of  1  g-atom  Sn/liter  of  mercury  In  the  amalgam  and  with  further  increase  In 
the  concentration  of  tin  in  the  amalgam  the  potential  of  the  cathode  did  not 
change. 

It  should  be  mentioned  that  Pushln  [2]  measured  the  difference  of  potential 
of  amalgams,  with  different  concentrations  of  tin,  relative  to  metallic  tin.  In 
1  H  solution  of  stannous  chloride,  obtaining  the  following  values: 


Atoms  J  Sn  s  0.0  I.52  30  46-66.6  75.3  .  83.4  95*9 

Difference  of  potential  (v) :  O.5OOO  0'.0015  O.OOO7  0.0010  0.0012  O.tX)10  0 


Other  authors  [7-8]  measured  the  difference  of  potential  of  amalgams  at 
different  contents  of  tin  relative  to  an  amalgam  containing  I6  g-atoms  and 
likewise  observed  that  with  Increase  In  the  concentration  of  tin  In  the  amalgam 
the  difference  In  potential  decreases  only  up  to  a  concentration  of  0. 9^-1. 2^, 
and  thereafter  remains  constant  to  99^  atom  :  V 

Similar  phenomena  emerges  from  our  experimental  data,  though  our  Investiga¬ 
tions  were  carried  out  under  other  conditions.  It  may  he  suggested  that  the 
phenomenon  Is  due  to  the  formation  of  two  phases.  For  concentrations  of  tin  from 
0.01  to  1  g-atom  Sn/liter  of  mercury,  the  potential  difference  at  a  temperature 
of  18-23*  Is  0.05  V,  l.e.  corresponds  for  example  to  the  theoretical  value  cal¬ 
culated  from  the  formula  of  Turin  for  the  amalgam  concentration  cell* 

■  .  "■  Ea-E,  :  : 

When  the  concentration  of  tin  In  the  amalgam  Is  Increased  further  a  satur¬ 
ated  solution,  l.e.  a  two-phase  system.  Is  obtained  and  crystals  of  tin  separ¬ 
ate.  From  here  on  the  concentration  of  tin  In  the  amalgam  remains  constant,' 
hence  the  potential  of  the  ce^thodefrom  then  oh  does  not  depend  on  this  concen¬ 
tration.  ,  ' 

Frc»a  the  experimental  data  presented  In  Table  3,  It  can  be  seen  that  when 
anode  polarization  occurs  there  Is  the  same  dependence  of  the  anode  potential 
on  the  concentration  of  tin  In  the  amalgam,  as  In  the  cathodic  process.  How¬ 
ever  the  difference  In  potential  between  the  amalgam  with  different  concentra¬ 
tions  of  tin  Is  less  than  In  the  cathodic  polarization  of  the  same  amalgam. 

The  effect  of  temperature  on  the  cathode  and  anode  potentials  can  be  seen 
from  the  experimental  data  In  Table  3«  • 

With  elevation  of  the  temperature,  concentration  polarization  and  hydrogen 
overvoltage  decrease,  and  as  a  result  the  cathode  potential  should  become  more 
positive,  which  Is  actually  observed.  However  as  the  temperature  rises  the 
potential  only  becomes  slightly  more  positive,  which  Is  explained  by  the  fact 
that  at  higher  temperature  the  tin  salts  In  the  solution  hydrolyze. 

With  anodic  polarization.  Increase  of  the  temperature  decreases  the  con¬ 
centration  polarization,  which  should  cause  a  displacement  of  the  anode  poten¬ 
tial  to  more  negative  values,  and  this  Is  Indeed  observed  In  the  experimental 
data  for  low  concentration  amalgams.  At  higher  concentrations  of  tin  in  the 
amalgam  its  concentration  In  the  surface  of  the  mercury  electrode  also  In¬ 
creases,  and  as  a  result  diffusion  of  tin  has  a  smaller  effect  than  In  more 
dilute  amalgams,  so  that  the  anode  potential  practically  does  not  depend 
upon  temperature.  -  "  • 

From  the  experimental  data  of  Table  3  it  Is  evident  that  with  increase  of 
the  current  density  the  potent.ial  of  the  cathode  displaces  towards  more  electro¬ 
negative  values,  while  the  potential  of  the  anode  becomes  more  electropositive: 
these  results,  if  plotted,  would  be  reflected  in  a  linear  course  of  the  ccrres- 
pcndlng  potential  curves. 

The  next  experiments  were  made  to  elucidate  the  effect  of  concentration  of 
tin  in  the  electrolyte  on  the  anode  and  cathode  potential.  For  this  purpose 
amalgams  were  prepared  containing  1  g-atom  of  tin  per  liter  of  mercury,  and 
measurements  of  the  potential  of  the  cathode  and  afterwards  of  the  anode  were 


957 


O  >* 

C4  ^  C3  t  ^  • 

9  0^0  t  l0O«0«0U><0*H»-l 

Ofct  ©"^  — cvjcMtortrtiooo 


I  I  I  t  I  I 


I 

4*  -ri  o  e>-  e^ 

C  t3  ^ —  Q  O 

©  v«  0)  ^  »H  #-• 

h  V  -r^  , 


^- 

Q  Q  Q  O 


«o 

0111 


5.  o 

S.  ^ 


♦»  ..  - 
a  I 
© 

♦»  ?  o 
o  •  w 
©<! 


^  *  («■ 

O;  »-• 


rH  J3 
O  ' 

W  -r<  • 


Ol^ 

!  a,  — 

©  i  6  O 
+>  '  ©  O 
©  t-* 

•o , - 

's3i3 

43  !4> 

d  ■  c:  — 

©  o  > 
e  — 
o 
a, 

© - 

O,  v» 

K  d  4*Va 
W  =^5  -•  6 
a  u 
c  \ 
d  o  •«d 
o  •©  ■ — 


I  JZ 

a  4i  0 

O  C  -iJ 

o  o  e  >» 


d©dt,—. 

(4  — <  4^ 

43  43  4>  o  , 

c  c  cl 

C  ©  ♦^  «— •  -r^l 

t-i  o  o  o  — ■* 


<0  ^  CM 

n  CM  n  10 

I  »  ..11  .  . 

M  #H  »-l  fH 

03  CO  CO  CM  O 

to  ^  lO  lO  to  n 

. . 

t-i  r-i  r-i  r-i  r-l 

^•rf-d«COCC<OCOO 

OiOtONiOiOCMn 

.-I  r-l  r-l  r-l  r<  r-l  r-l  r-l 
^■M''M*C0C0«O'M'rH 

OiOtOCMvOifJCMtO 

r-lr-lr-lr-lr-lr-lr-lr-l 

•M''M<003<C>QQO» 

vO»Of5cMlOlOCMCM 

r-|r-lr-lr-|r-l»-lr-lr4 

>OvO^CMtOt?5r-ICM 

r-lr-lr-lr-lr-lr-lr-lr-l 

OO'O'OP'JCOOCM 

iZ5<Or-ICM<0''i*r-lr-l 

r-|rHr-lr-lr-|r-l/-li— I 

C^OCMCMCMCMCM<0 

■^tOCMCM'^^'i^OCO 

r-lr-l’r-lr-lr-lr-lOO 

•M*aDCM00CQCM<O*? 

I— I  r4  r-i  f-l  r-l  r-l  Q  Q 

OCMCMOCOCOOCO 

CMCMo>ocr>coui'«:* 

r-lr-lQOOodiD 

CMCMO'^COOJTi'CO 

^Lold-Q_Q_do_c? 

so  •©  eo  CO  .  eo  CM  C-- 

!  ;  I  I  I  •  1  I 

tOC^’M*H»OvOtOCM 

■  O  •M*  «d  <C3  ^  ^ 


tf)  iD  o  »r> 

r-lr-tlDlOr-lr-liOlO 

r-lr-lQQr-lfHOO 

cDCDciddcodd 


00000000 

cococoor-c^c^E^ 

/HiHiHr-ieOtOcOeO 

r4  ri  r4  r-i  CM  CM  CM  CM 


I-Si  • 

©  4>  bO 
*©  -n  rj 

o  o - - 

(4  o  E 
©  O.  ©  I 
>>  E  d  • 
<Wi  O  ' 

©  O  — t 


'M* 

^  I  .  I  I 


CO  CM  -M*  CM 
t-  O  O 
.... 
.0  O  *H  r-l 


9 

CM  r-l  CM  Q 
r-l  0  CM  CM 

II  .... 

0000 

!  '  ' 

CO 

CM  CM  Q  Q 
r-l  0  W  CM 

1  1 '  .  .  .  . 

•.0000 

I  1 

•M*  CM  SO  01  Ok 
O  O  O 
•♦•••• 
r-l  r4  O  O  O  O 

I  • 


aCM  CM  <<•  0>  Ok 

C^  Q  r-l  M 

I  O  O  O  O  O  O 

!  4  ■  ' 

I 

I  CD  o  CM  C3»  Ok 

.  ^  rH  iH  Q  r-l  ^ 

,000000 

t  I  I 


I  <0  <0  CO  0  CO 

^  «  r-l  r-l  r-l  Q  rl  r-l 

to  i  «  .  .  .  4  . 

•000000 

•  I 


1  O  -M*  D-  -M*  «0 

I  r-l  r-|  r-l  f— ^  r4  r-l 

0'***... 

:  o  o  o  o  o  o 

• _ I _ I _ 

iasasaa 


•M*  M*  to  CO  -M*  CO 
JL  I  1  I  I  I 
CO  00  «0  «o  CM  irt 

CM  r4  ri  eO  CM 


CM  1  00 

S  1  r-l  I-I  ITJ  O  r-l  r-l 

O  I  rl  r-l  O  O  »-l 

<  I  o  o  o  o  o  o 


p  O  O  O  Q  Q 

r-  ^  ^  ^  ^ 

R  CO  CO  CO  CO  c- 

p  — -  *-4  n  r-l  r-l  CO  CO 

bO  bO  ...... 

H  r-l  iH  r-l  rl  CM  CM 
«  © 


958 


carried  out.  The  measurements  were  made  vlth  200  ml  of  solution^  containing 
1  g-equlv.  of  sulfuric  acid  and  0.01,  O.O5,  0.1  and  0.5  g-lon  of  tin  per  1 
liter  of  electrolyte. 

The  experimental  data  are  set  out  In  Pig.  1,  '  ' 

It  Is  evident  from  these  results  that  with  increase  of  the  tin  concentration 
in  the  electrolyte,  hoth  the  potential  of  the  anode  and  of  the  cathode  are  dis¬ 
placed  towards  more  electropositive  values,  as  they  should  he  from  Nernst*s  for¬ 
mula.  Furthermore,  from  the  course  of  the  potential  curves  It  Is  evident  that 
at  small  concentrations  of  tin  In  the  electrolyte  the  polarization  curves  for  the 
cathode  are  strongly  displaced  towards  the  more  electro  negative  regions,  this 
occurring  x>artlcularly  at  higher  current  densities,  which  Is  connected  with  the 
concentration  poleirlzatlon.  As  Is  evident  from  the  course  of  the  potential 
curves,  the  concentration  polarization  has  a  smaller  effect  on  the  potential 
in  the  anodic  process,  than  In  the  cathodic.  From  this  It  follows  that  In  the 
electrolytic  decomposition  of  amalgams  the  concentration  of  tin  In  the  electro¬ 
lyte  has  only  a  small  effect  on  the  mode  potential.  This  Is  due  to  the  fact 
that  while  the  cathode  process  Is  limited  by  the  diffusion  of  Ions  to  the  cath¬ 
ode,  In  the  anodic  process  the  main  part  Is  played  by  the  rate  of  diffusion  'of 
the  atoms  of  tin  to  the  surface  layer  of  the  amalgam. 

The  following  experiments  threw  light  on  the  Influence  of  electrolyte 
acidity  on  the  cathode  and  anode  potential.  The  potential  curves  were  taken 
for  amalgams  containing  1  g-atom  of  tin  per  liter  of  mercury.  200  ml  of  solu¬ 
tion  served  as  electrolyte,  containing  0.1  g-ion  of  tin  per  liter,  with  acidities 
of  0.1,  1,  2,  and  4,  H  (sulfuric  acid).  The  experimental  data  are  shown  In  Fig.  2, 

It  follows  from  these  data  that  with  Increase  in  the  acidity  of  the  electro¬ 
lyte,  the  potential  both  of  the -anode  and  of  the  cathode  are  displaced  towards 
more  electronegative  values.  This  is  connected  with  the  diminution  of  the  ac¬ 
tivity  coefficient  of  the  Ions,  as  a  result  of  the  Increase  of  the  Ionic  strength 
of  the  electrolyte.  -  .  „ 

Electrolysis  of  cadmium  salts.  A  solution  of  cadmium  sulfate  was  prepared 
from  salt  which  was  shown  spectrographlcally  to  contain  only  very  small  quantities 
of  tin,  zinc,  copper,  iron,  manganese  and  calcium,  below  the  limit  of  chemical 
detection. 

The  cadmium  content  of  solution  was  determined  gravimetrlcally  as  the  sul¬ 
fate  [9].  The  attempts  at  complete  separation  of  cadmium  from  an  electrolyte 
were  made  with  the  aid  of  sodium  sulfide  [6].  The  conditions  and  methods  of 
carrying  out  the  experiments  with  cadmium  were  the  same  as  In  the  experiments 
with  tin. 

The  results  of  the  precipitation  of  cadmium  on  a  mercxiry  cathode  and  the 
electrolytic  decomposition  of  the  resulting  amalgam  are  set  out  In  Tables  4  and 

5- 

From  the  results  In  Table  4  It  will  be  seen  that  when  cadmium  was  quanti¬ 
tatively  deposited  under  the  conditions  given,  the  current  efficiency  was  27-8l^ 
on  account  of  the  simultaneous  discharge  of  hydrogen.  Raising  the  temperature 
Increases  the  current  efficiency,  since  it  diminishes  the  concentration  polari¬ 
zation.  Increasing  the  concentration  of  cadmium  also  Increases  the  current 
efficiency,  as  under  these  conditions  a  large  part  of  the  energy  Is  consumed 
In  the  discharge  of  the  cadmium  Ions  and  a  lesser  amount  in  discharging  hydrogen 
Ions. 

In  the  electrolytic  decomposition  of  amalgam  (Table  as  the  cadmium  con¬ 
centration  in  the  amalgam  is  decreased  the  anode  potential  gradually  becomes 
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TABLE  3 


Dependence  of  the  cathode  and  anode  potential  on  the 
concentration  of  tin  In  the  amalgaua  ^ 


Concentra-^ 

Temperature  (in  deg)  | 

tlon  of 

18-23 

J _ 

tin  In  the 

1  Current  density  •  | 

electrolyte 
(in  g-atoms/ 

a  0022 

0.022 

0.055 

0.07 

0.09 

0.11 

0.0022 

0.011 

0.022 

• 

liter) 

0.01 

0.23 

0.26 

0.30 

0.39 

Catho 

0.44 

de 

0.50 

0.60 

0.72 

0.24 

0.27 

0.32 

0.1 

0.26 

0.30 

O.3J+ 

0.42 

0.47 

0.53 

0.62 

0.71 

0.26 

0.29 

0.34 

1 

0.28 

0.30 

0.3^ 

0.44 

0.48 

0.54 

0.64 

0.76 

0.27 

0.30 

0.34 

2 

0.27 

0.30 

0.34 

0.42 

0.47 

0.53 

0.63 

0.76 

0.28 

0.30 

0.35 

k 

0.28 

0.30 

0.34 

0.43 

0.48 

0.54 

0.64 

0.77 

0.28 

0.30 

0.351 

8 

0.27 

0.30 

0.34 

0.42 

0.48 

0.54 

0.64 

0.75 

0.27 

0.30 

0.341 

o'.  01 

0.25 

0.22 

0.18 

0.10 

Anode 

O.C6 

0.01 

0.26 

0.24 

0.19 

0.1 

0.28 

O.2U 

0.20 

0.13 

O.C8 

0.04 

+0.04 

+0.12 

0.27 

0.23 

0.20 

1 

0.28 

0.26 

0.21 

0.13 

0.10 

0.04 

+0.04 

+0.12 

0.28 

0.25 

0.20 

2 

0.28 

0.26 

0.21 

0.13 

0.10 

0.05 

+0.03 

+0.12 

0.28 

0.25 

0.21 

k 

0.28 

0.26 

0.20 

0.12 

0.03 

0.04 

+0.05 

+0.15 

0.28 

0.25 

0.20 

8 

0.28 

0.25 

0.20 

0.12 

O.C8 

0.04 

+0.05 

+0.16 

0.28 

0.25 

0.20 

more  electropositive,  as  In  the  similar  experiments  vlth  tin,  and  at  the  end  of  the 
electrolysis  a  white  turbidity  appears  In  the  electrolyte,  as  a  result  of  the  ox¬ 
idation  of  mercury  and  the  formation  of  the  low  solubility  of  mercurous  sulfate. 

At  this  point  the  potential  rises  to  values  necessary  for  the  oxidation  of  mer¬ 
cury  ’inder  the  conditions  given.  The  current  efficiency  la  these  experiments  was 
higher  than  100^,  apparently  due  to  the  direct  Interaction  of  cadmium  with  sulfuric 
acid  (local  cell  formation). 

The  next  series  of  experiments  were  devoted  to  the  effect  of  the  concentration 
of  cadmium  In  the  analgam  on  the  anode  and  cathode  potentials  at  different  temper¬ 
atures  and  different  current  densities.  The  experimental  data  are  set  out  In  Table 

6. 

From  these  results  It  follows  that  with  Increase  In  the  concentration  of  cad¬ 
mium  in  the  amalgam  the  anode  and  the  cathode  potential  became  more  electronegative. 
However  in  the  cases  where  cathodic  polarization  was  set  up  this  dependence  was 
observed  only  up  to  concentrations  of  1-2  g-atoms  of  cadmium/liter  of  mercury  In 
the  amalgam,  and  with  further  increase  of  the  cadmium  concentration  the  potential 
reverses  and  then  becomes  more  positive.  We  consider  the  cause  of  this  phenomenon 
to  be  that  at  1-2  g-atem  of  cadmium  per  liter  of  mercury  a  saturated  solution  Is 
formed,  and  vlth  further  increase  in  the  amount  of  cadmium  In  the  amalgam  crystals 
of  metallic  cadmium  separate  out,  the  crystals  not  being  equally  distributed 
throughout  the  amalgam,  but  are  present  in  the  form  of  aggregates  (this  actually 
cxrcurred  In  our  experiments). 

The  appearance  of  crystals  in  the  amalgam  causes  an  Increase  In  the  true  sur¬ 
face  of  the  mercury  electrode  (experiments  Involving  sitrring)  hence  at  one  and 
the  same  current  strength  the  c.d.  Is  decreased,  causing  a  displacement  of  the 

i)  In  this  and  following  tables  the  potentials  eire 
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TABLE  5  •  .  •  . 

Dependence  of  the  cathod  and  anode  potential  on  the 
concentration  of  tin  In  the  amalgam^ 


:: - - 

Temperature  (in, 

KoSftuHBi 

BHHI 

HHi 

Current  density 

r 

SE3 

0.055 

0.07 

0.09 

— 

0.011 

0.022 

0.044 

0.055 

0.07 

0.09 

0.11 

Cathode 


0.40 

0.45 

0.'50 

0.66 

0.70 

0.25 

0.27 

0.31 

0.4l 

0.45 

0.51 

0.62 

0.44 

0.46 

0.52 

0.62 

0.71 

0.26 

0.29 

0.33 

0.42 

0.46 

0.52 

0.62 

0.43 

0.48 

0.54 

0.64 

0.76 

0.28 

0.30' 

0.34 

0.43 

0.48 

0.53 

0.63 

0.43 

0.48 

0.53 

0.63 

0.75 

0.28 

0.30 

0.35 

0.43 

0.48 

0.54 

0.64 

0.44 

0.48 

0.53 

0.64 

0.74 

0.28 

0.30 

0.36 

0.44 

0.49 

0.56 

0.65 

0.44 

0.49 

0.54 

0.64 

0.74 

0.28 

0.31 

0.36 

0.45 

0.49 

0.56 

0.67 

0.11 

0.07 

0.02 

+0.06 

-^0.l6 

Anode 

-  0.27 

0.24 

0.20 

0.11 

0.07 

0.02 

+0.06 

0.11 

0.08 

0.02 

+0.06 

+0.14 

0.26 

0.24 

0.20 

0.10 

0.06 

0.01 

+0'.G8 

0.3? 

0.08 

0.03 

+0.05 

+0.14 

0.27 

0.24 

0.20 

0.12 

0.08 

0.02 

+0.06 

0.13 

0.09 

0.'03 

+0.06 

+0.14 

0.28 

0.24 

0.21 

0.12 

0.08 

0.01 

+0.07 

0.12 

0.08 

0.02 

+0.C6 

+0.16 

0.28 

0.26 

0.21 

0.11 

0.07 

0.01 

+0.09 

0.12 

0.C8 

0.03 

+0.05 

+0.14 

0.28 

6.25 

0.20 

0.12 

0.Q8 

0.03 

+0.06 

0.71 

0.72 

0.75 

0.7^^ 

0.75 

0.75 


+0.16 
+0.17 
+0.15 
+0.17 
+0.18 
+0.15 

potential  towards  more  positive  values,  ■  ■  . \  •  .*; 

With  anode  polarization,  as  the  concentration  of  cadmium  .In  the  amalgam 
Increases  Its  concentration  In  the  surface  layers  of  the  mercury  electrode 
Increases,  hence  the  anode  potential  hecomes  more  negative.  Apart  from  this, 
as  the  concentration  of  cadmium  In  the  amalgam  Increases  crystals  of  metallic 
cadmium  separate  cut,  which  Increase  the  surface  area  of  the  electrode,  and  this.' 
In  turn  causes  a  lowering  of  the  real  c.d,  and  a  displacement  of  the  anode  poten¬ 
tial  to  more  negative  values,  .  ^  ^ 

The  dependence  of  the  cathode  and  anode  potential  on  the  temperature  can  he 
seen  from  the  experimental  data  In  Table  6,  . .  .  - 

As  the  temperature  Is  raised  the  concentration  polarization  decreases  and 
so  does  the  hydrogen  overvoltage,  hence  the  cathode  potential  should  become  more 
positive,  which  Is  observed  In  the  results.  However  at  large  concentrations  of 
cadmium  In  the  amalgam  (3  g-atoms/llter  of  mercury)  the  cathode  potential  becomes 
more  negative  up  to  temperatures  of  50*,  and  afterwards,  with  further  Increase 
of  temperature,  it  beccraes  more  positive.  This  Is  due  as  already  noted,  to  the 
forcaticn  of  crystals  of  metallic  cadmium  In  the  mercury  amalgam.  At  lower  tem¬ 
peratures  the  separation  of  these  crystals  leads  to  an  Increase  of  the  surface  " 
of  the  mercury  electrode,  hence  the  potential  becomes  more  positive  because  the 
true  current  density  decreases.  With  Increase  of  the  temperature  the  solubility 
of  the  crystals  of  cadmium  Increases,-  the  surface  of  the  electrode  decreases,  and 
the  potential  becomes  more  electronegative.  However  this  goes  on  as  long  as  the 
whole  of  the  cadmium  existing  as  cyrstals  'does  not  dissolve  In  the  mercury  (for 
example  at  30°)  after  -which.,  with  further  Increase  In  the  temperature,  the  poten- 

In  this  and  following  tables  the  potentials  are  .  . 
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a5-3.4  50  0.05  0.01  0.0  aO  *0.01 -fO.OS +1.06 

'L3-a3  2)  o.ai  0.34  o.ai  o.as  0.23  0.22  0.22  0.220.21  o.ao  0.19  o.ib  o.ic 

0.8-L5  ^  0.24  0.23  0.2210.22  0.22  0.22  0.22  0.210.20  0.20  0.19  0.18  0.17 


tlal  takes  on  a  postlve  value  as  In  all  nornsal  cases. 

With  anodic  polarization,  the  diffusion  of  metal  dissolved  In  the  amalgam 
Is  more  rapid  at  hl^er  temperatures,  and  Its  concentration  In  the  surface  layers 
Increases,  so  that  the  potential  of  the  anode  should  become  more  negative.  Ac¬ 
tually  It  follows  from  the  experimental  data  that  when  the  temperature  Is  raised, 
the  anode  potential  beccxnes  more  positive.  This  may  be  connected,  on  the  one 
hand,  with  the  fact  that  the  concentration  of  atoms  of  calcium  In  the. surface 
layers  of  the  amalgam  decreases  rapidly  as  the  temperature  rises  at  the  exi>ense 
of  the  cadmium  dissolved  In  the  sulfuric  acid  (local  cells,  the  effect  of  which 
Is  not  recorded  on  the  ammeter),  on  the  other  hand  there  Is  possibly  here  a  de¬ 
crease  In  the  degree  of  hydration  of  the  Ions  with  Increase  In  temperature.  We 
note  that  cadmium  together  with  zinc  Is  gne  ^f  those  metals  the  energy  of 
hydration  of  whose  Ions  is  extremely  high. 


Fig.  1.  Effect  of  concentration  of  tin 
In  the  electrolyte  on  the  potential  of 
the  cathode  and  anode. 

A  -  concentration  of  tin  In  the  elec¬ 
trolyte  (in  g-lon/llter);  B  -  potential 
of  the  anode  and  cathode  (v7. 

Current  density  at  the  anode  (A/cm^); 

1  -  0.09;  2  -  0.07j  2  -  0.055;  t  - 
0.0l;4;  5  -”0.022;  6  -  0.0022.  Current 
density  at  the  cathode  (A/cm^) :  2  • 

0.0022  ;  8  -  0.022  ;  2  “  0.044;  10  - 
0.055;  n  -  0.07;  -  O.O9. 

Temperature (in  deg):  I  -  l8-25;  II  - 
48-55;  m  -  78-85. 


Fig.  2.  Effect  of  acidity  of  the  elec¬ 
trolyte  on  the  cathode  and  anode  poten¬ 
tial. 

A  -  normal  electrolyte;  B  -  Anode  and 
cathode  potential. 

The  flgiires  on  the  curves  have  the  same 
meanings  as  In  Fig.  1. 

Temperature  (in  deg):  I  -  18-23;  II  - 

48-55;  m  -  78-83. 
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TABLE  6 

Dependence  of  the  cathode  and  anode  potential  on  the 
conccr:"  'jition  of  cadmium  In  the  amalgam 


Temperature  (in  deg) 


Concentration 
of  cadmium  In 
the  electro¬ 
lyte  (g-atoms/ 
liter) 


lS-2^ 


1  Current  density 

in  A/cm^) 

0.0022 

0.011 

0.022 

0.044 

0.055 

0.0? 

0.09 

0.11 

0.0022 

0.011 

0.022 

Cathode 


"5  1 

*  t  •• 

-  0.01  - 

0.40 

0.47 

0.58 

0.76 

0.82 

0.92 

1.0 

1.10 

0.38 

0.42 

'  0.1 

o.J^ 

0.53 

0.64 

0.81 

0.87 

0.93 

1.11 

1.12 

0.4l 

0.48 

i 

1  • ; 

0.48  . 

0.56 

0.68 

0.86 

0.93 

0.98 

1.08 

1.14 

0.42 

0.45 

4 

2 

0.52 

0.56 

0.62 

0.84 

0.91 

0.98 

1.10 

1.20 

0.46 

0.54 

■■  i 

•  V 

.  4 

0.48 

0.55 

0.64 

0.80 

0.86 

0.93 

1.04 

1.14 

0.46 

0.52 

:  1 

: 

\  r 

8 

0.50 

0.52 

0.56 

0.68 

0.74 

Anode 

0.78 

0.86 

0.92 

0.47 

0.52 

» 

»  t 

0.01  . 

0.40 

0.36 

0.32 

0.24 

0.20 

0.16 

0.08 

+0.02 

6.38 

0.35 

■;  *1 

0.1 

0.4l 

0.38 

0.34 

0.26 

0.25 

0.18 

0.10 

0.03 

0.39 

0.36 

1 

0.42 

0.39 

0.35 

0.28 

0.25 

0.20 

0.13 

0.05 

0.4l 

0.40 

2 

0.43 

0.41 

0.38 

0.30 

0.26 

0.21 

0.15 

0.07 

0.42 

0.39 

• 

4 

;  * 

0.44 

0.42 

0.37 

0.30 

0.26 

0.32 

0.14 

0.06 

0.43 

0.40 

C.I»9 

0.57 

0.60 

0.63 

0.59 

0.61 


0.30 

0.31 

0.34 

0.35 

0.36 


The  dependence  cf  the  potentials  on  the  current  density  can  he  seen  ftom  the 
data  In  Table  6. 

From  these  It  emerges  that  vlth  Increase  In  the  c.d.  the  cathode  potential 
becomes  more  negative  but  the  anode  more  positive,  and  the  higher  the  concentra¬ 
tion  of  cadmium  in  the  amalgam  the  greater  the  displacement  towards  the  negative 
region.  This  excludes  the  displacement  of  potential  at  the  concentration  of  8 
g-atoms  of  cadmium  per  liter  of  mercury  at  temperatures  of  l3-23*  and  48-53* J 
the  explanation  of  this  has  been  given  above. 

The  dependence  of  the  anode  and  cathode  potentials  on  the  concentration  of 
cadmium  In  the  solution  is  shown  In  Fig.  3»  *  ■  ' 


From  these  data  it  Is  seen  that  with  increase  in  the  concentration  of  cadmium 
In  the  electrolyte  both  the  cathode  and  the  anode  potential  become  more  positive, 
as  In  similar  experiments  with  tin.  However  In  the  case  of  cadmium  the  course 
of  the  curves  Is  more  positive  because  cadmium  Is  more  electronegative  than  tin, 
and  discharge  potential  of  its  Ions  Is  nearer  than  that  of  the  tin  Ions  to  the 
discharge  potential  for  hydrogen  Ions.  '  . 


SUMMARY 

1.  From  the  experimental  results  are  deduced  the  dependence  of  the  cathode 
potential  In  the  electrolytic  deposition  of  tin  and  cadmium  and  of  the  anode 
potential  In  the  electrolytic  decomposition  of  tin  and  cadmium  amalgams  at  dif¬ 
ferent  temperatures  end  different  current  densities  on;  a)  concentration  of 
metal  in  the  amalgams;  b)  concentration  of  metal  Ions  In  the  electrolyte;  c) 
acidity  of  the  electrolytes  (for  tin). 

2.  The  possibility  of  decomposing  the  amalgams  electrolytlcally  has  been 
established. 

3.  The  need  to  take  Into  account  the  physical  state  of  the  amalgam  has  been 
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TABUS  6 


Dependence  of  the  cathode  and  anode  potential  on  the 
concentration  of  cadaitua  in  the  amalgam 


Temperature  (in  deg) 


Ciprent' density  (in  A/cm^) 


0.044 

0.055 

0.07 

0.09 

Esa 

0.0022 

0.011 

CVJ 

f 

0 

0.044 

0.055 

0.07 

0.09 

0.11 

Cathode 

7  / 

• 

. 

0.66 

0.72 

0.82 

0.96 

1.06 

0.36 

0.40| 

0.48 

0.61 

0.67 

0.76 

0.87 

0.98 

0.75 

0.76 

0.85 

0.96 

1.06 

0.38 

0.42 

0.50 

0.65 

0.72 

0.80 

0.90 

1.04 

0.76 

0.83 

0.89 

1.0 

1.08 

0.4l 

0.44 

0.52 

0.67 

.  0.72 

0.80 

0.90 

1.03 

0.78 

0.84 

0.92 

1.04 

1.15 

0.43 

0.48 

0.58 

0.72 

0.78 

0.85 

0.98 

1.10 

0.74 

0.82 

0 

Co 

0 

1.0 

1.14 

0.44 

0.48 

0.56 

0.70 

0.76 

0.82 

0.94 

1.07 

0.72 

0.79 

0.98 

•  — 

0.45 

0.49 

0.57 

0.69 

0.76 

0.83 

0.93 

— 

Anode 

V 

• 

- 

- 

0.23 

0.18 

0.14 

0.06 

+0.04 

0.36 

0.30 

0.28 

0.20 

0.17 

0.12 

0.04 

+0.06 

0.24 

0.20 

0.16 

0.08 

+0.01 

0.38 

0.}K 

0.29 

0.23 

0.19 

0.13 

0.07 

+0.06 

0.26 

0.22 

0.18 

0.11 

0.03 

0.40 

0.38 

0.32 

0.25 

0.21 

0.16 

0.10 

+0.01 

0.23 

0.24 

0.20 

0.13 

0.04 

0.40 

0.38 

0.33 

0.26 

0.26 

0.18 

0.11 

0.02 

O.gS 

0.24 

- 

0.15 

0.03 

0.4l 

0.4l 

0.30 

0.26 

0.18 

0.10 

0.03 

X  ^  u  b  c  1  s  i  ia 


noted,  since  with  increase  of  con¬ 
centration  of  metal  in  the  amalgams 
the  latter  become  more  viscous,^ 
vhlch  causes  a  change  in  the  surface 
area  of  the  mercury  electrode  on 
stirring  and  a  change  in  the  real 
current  density.  Crystals  may 
separate  in  the  amalgam  which 
change  the  surface  area  of  the 
electrode  to  a  different  extent 
and  as  a  result  change  the  true 
current  density,  which  is  reflec¬ 
ted  in  the  magnitude  of  the  poten¬ 
tials. 
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SYNTHESIS  OF  MOKOJ^S  AND  PROP^TIES  OF  COPOLYMERS^ 
'  B.  H.  Butovsky  and  A.  M.  Shur 


Polymethylnethacrylate  Is  widely  used  but  nevertheless  suffers  from  a 
number  of  disadvantages.  Its  surface  hardness  and  thermal  stability  are  low 
and  Its  chemical  resistance  Insufficient,  Polyallylmethacrylate,  though  having 
less  of  these  deficiencies,  is  too  brittle  [1];  apart  from  this  the 
polymerization  of  allyl  methacrylate  Is  so  violent  that  It  Is  difficult  to  keep 
It  under  control.  Rutovsky  and  Zabrodina  shoved  that  the  Introduction  of  lOjt 
allyl  methacrylate  Into  methyl  methacrylate  undergoing  polymerization 
substantially  Improved  the  properCles  of  the  glass  obtained. 

V 

The  present  work  had  the  objective  of  finding  out  the  effect  of 
comparatively  small  additions  of  allyl  and  vinyl  methacrylate  on  the  properties 
of  methyl  methacrylate  copolymers. 

...  EXPERE-EirTAL 

Starting  materials.  The  methyl  methacrylate  was  colorless  and  transparent. 
The  monomer  was  prepared  Immediately  before  experiment  by  distillation  under 
ordinary  pressure  In  a  stream  of  nitrogen.  The  redistilled  product  boiled  at 
99-100*  and  had  the  following  constants:  specific  gravity  df®  0.9^44  and 
refractive  Index  nj®  1.4l5. 

Methacryllc  acid  was  prepared  from  methyl  methacrylate.  The  latter  was 
treated  with  a  small  excess  of  caustic  soda.  A  small  quantity  of  ethanol  was 
added  to  the  mixture.  The  precipitate  of  sodium  methacrylate  was  filtered, 
pressed  on  the  filter,  and  afterwards  decomposed  with  cone.  ECl.  The  compara¬ 
tively  large  amount  of  sodium  chloride  produced  caused  the  methacryllc  acid  to 
be  salted  out.  In  specific  cases  salt  was  added  to  hasten  this  process.  The 
upper  layer  consisted  mainly  of  methacryllc  acid  containing  a  small  quantity 
of  water,  while  the  lower  one  was  a  concentrated  solution  of  sodium  chloride. 

The  usual  methods  of  drying  the  acid  by  different  drying  agents  were 
useless,  because  the  sample  dried  In  this  manner,  on  distilling  rapidly 
stiffened  (polymerized)  and  the  loss  of  acid  was  very  large.  Dehydration  was 
therefore  brought  about  by  azeotropic  distillation  of  the  water  with  the  help  of 
benzene.  Methacryllc  acid  was  then  distilled  over  at  68-73*  (15  Eg). 

The  amount  of  pure  acid  In  the  product  obtained  by  distillation  was 
determined  by  titration  with  alkali  and  came  out  at  9^^;  the  bromine  number  was 
192  (theoretical  186)  and  the  n^^  =  1.433* 

Allyl  alcohol  was  obtained  from  a  mixture  of  glycerine  and  formic  acid  (2), 
the  product  being  distilled  and  coming  over  at  195-260*.  The  alcohol  was  salted 
out  with  potash,  dehydrated  by  boiling  with  anhydrous  potash,  and  afterwards 
distilled  under  atmospheric  pressure.  The  fraction  coming  over  at  94-97*  and 
having  a  refractive  index  n5°  =  1.4125  was  used  for  the  synthesis  of  allyl 
methacrylate. 

• 

■^)  Communication  1  of  a  scries  dealing  with  the  copolymerization  of  methyl 
methacrylate  with  complex  esters  of  unsaturated  alcohols  with  methacryllc  acid. 


Benzoyl  peroxide  vas  recrystallized  froa  alcohol  after  which  It  melted  at 

103*. 

Hydroqulnone  vas  dissolved  In  water  and  "boiled  with  active  carbon,  after 
which  the  hot  solution  vas  filtered  and  treated  with  SO2.  White  crystals 
separated  and  were  dried. 


SYNTHESIS  OF 


MONOMERS 


Allyl  methacrylate.  We  tested  three  methods  given  In  the  literature  for 
the  synthesis  of  esters:  l)  alcoholysis  of  the  nitrile  of  methacryllc  acid; 

2)  transesterlflcatlon;  aijd  3)  direct  esterification. 

1)  Alcoholysis  of  nitrile  of  methacryllc  acid.  The  starting  material  vas 
acetone  cyanhydrin,  distilling  at  60-83"  (23-23  m  Hg) .  The  colorless 
distillate  had  a  refractive  Index  of  n^®  1.401. 

This  product  vas  the  starting  material  for  obtaining  the  esters  of 
methacryllc  acid  according  to  the  scheme. 

CH2  =  C  -  CN  +  R(0H)  +  H2O  ->  CH2  =  C  -  COOR  +  NHa 

CHa  itta 


To  test  this  method  20  g  of  hydroxynitrile  vas  placed  In  a  flask,  together 
vlth  0.6  g  of  sulfur,  (inhibitor)  and  60  g  of  I.8I  H2SO4.  In  view  of  the 
extremely  violent  nature  of  the  reaction,  the  acid  vas  Introduced  in  portions 
and  the  reaction  mixture  vas  cooled  with  water.  23  g  of  allyl  alcohol  were 
added  to  the  darkened  liquid  along  vlth  2  g  of  hydroqulnone  (inhibitor)  and 
the  mixture  vas  boiled  under  reflux. 

However  allyl  methacrylate  vas  not  obtained  when  the  mixture  vas  distilled. 
Experiments  under  other  conditions  gave  no  better  results,  so  this  method  vas 
abandoned. 

2)  Transesterlflcatlon.  This  vas  done  by  heating  an  excess  of  alcohol  vlth 
methyl  methacrylate,  sulfuric  acid  and  hydroqulnone. 

In  a  flask  connected  to  a  condenser  through  a  fractionating  column  and 
placed  In  an  oil  bath,  an  excess  of  carefully  dehydrated  allyl  alcohol  was 
added  together  with  methyl  methacrylate,  sulfuric  acid  and  hydroqulnone.  The 
allyl  alcohol  vas  In  excess  In  relation  to  the  methacrylate.  When  the 
temperature  of  the  distilling  vapour  had  reached  80*  the  process  vas  Interrupted 
and  the  contents  of  the  flask  distilled  under  vaeuum.  (43  mm  Hg). 

The  fraction  distilling  at  59*6l*  vas  allyl  methacrylate.  The  results  of 
some  of  our  experiments  are  shown  in  Table  1. 

TABLE  1 

Results  of  experiments  on  the  prer^ratlon  of  allyl  methacrylate  by  transester  if  icatlor 
'  Experiment  _ _ Charge _ _ I 

Number  Allyl  Methyl  Sulfuric  Rydrcqul-  Allyl  Yield  of  Remarks 

alcohol  methacry-  acid,  (^  none  ester  I  allyl  1 

(g)  late  (g)  of  charge)  of  charge,  cbtainecj  ester  (^ 

I  (in  g)  I  of  methyl 

_ _ _ I  I  !  methacrylate. 


Addition 
of  benzene 
to  form  sn 
azeotrope. 


The  yield  of  allyl  methacrylate  hy  this  method  fluctuated  wlthla  the  limits 
of  10.6  and  285&.  Such  large  fluctuations  can  he  explained  by  the  difficulty 
of  regulating  the  temperature  of  the  vapour  leaving  the  fractionating  column. 

The  low  yield  Is  due  to  Insufficiently  sharp  separation  of  the  vapours  In  , 
the  column,  as  a  result  of  which  a  considerable  amount*  of  allyl  alcohol  and 
of  methyl  methacrylate  escaped  from  the  flask  before  they  had  reacted. 

Although  we  used  this  method  in  the  first  of  our  experiments,  later  on 
we  prej>ared  allyl  methacrylate  exclusively  by  direct  esterification  as  In 
this  method  the  yield  was  considerably  higher. 

3)  Direct  esterification  of  methacryllc  acid  with  allyl  alcohol.  After  . 
boiling  the  mixture  of  allyl  alcohol,  methacryllc  acid,  sulfuric  acid  and 
hydroqulnone  for  6  hours,  the  products  of  reaction  were  washed  2-3  times  with 
water  (in  a  separating  fixnnel),  once  with  lQfj>  NaOH,  and  then  again  cnce  with 
water.  After  drying  with  calcium  chloride  the  product  was  distilled  under 
the  same  conditions  as  In  the  previous  method,  and  the  constants  were 
practically  the  same.  JJihe  results  of  certain  experiments  are  shown  In  Table  2, 

As  can  be  seen  from  Table  3  the  constants  of  tne  product  obtained  by 
direct  esterification  are  close  to  those  given  In  the  literature. 


TABLE  2 


Results  of  experiments  on  the  preparation  of  ally  methacrylate  by  direct 

esterification. 


Expt . 
No. 

Charge 

(In  g) 

Allyl 

ester 

obtained 

(g) 

Yield  of  allyl 
ester  (in  ^  of 
the  me thy la - 
cryllc  acid) 

Methacryllc 

acid 

Allyl 

alcohol 

Sulfuric 

acid 

Hydroqui- 

none 

1 

8.6 

11 

'  2 

0.2 

5 

58 

2 

8.6 

22 

2 

0.2 

6 

69.7 

3 

8.6 

34.8 

2 

0.2 

7.4 

86.1 

Vinyl  methacrylate.  Vinyl  methacrylate  was  obtained  by  a  method  worked 
out  by  us  analagous  to  the  method  used  for  obtaining  vinyl  acetate  and  a 
series  of  other  complex  vinyl  esters  and  consisting  In  the  passage  of 
purified  acetylene  through  methacryllc  add. 

CH  =  CH  +  CH2  =  P  "  COOH  ^  CHa  = 

CH3 

As  In  the  synthesis  of  other  complex  vinyl  esters,  ethylene  derivatives 
were  formed  In  significant  quantities,  as  a  consequence  of  the  Interaction  of 
the  vinyl  ester  formed  with  the  excess  of  acid: 

CH2  =  C  -  COOCH  =  CHa  +  EOOC  -  C  =  CHa  CH2  =  ~  COOCH  -  OOC  -  C  =  CH2 

CH3  CHa  CH3  CH3  CH3 

The  acetylene  obtained  from  calclun  carbide  was  purified  by  passage  through 
a  solution  of  sodium  dichrcmate  in  sulfuric  acid,  a  solution  of  alkali,  and 
through  a  drying  tower  filled  with  calcium  chloride.  The  last  traces  of 
hydrogen  sulfide  which  might  poison  the  mercury  catalyst  were  removed  by 
passing  the  gas  through  a  column  containing  pumice  soaked  In  copper  sulfate  and 
It  was  afterwards  dried.  The  catalyst  was  obtained  by  dissolving  mercuric* 
oxide  in  methacryllc  acid  and  mixing  this  solution  with  a  solution  of 


“  COOCH  =  ch:2 
H3 


orthophosphoric  acid  In  methacryllc  acid.  As  a  result  mercuric  phosphate 
separated  in  a  finely  divided  form,  which  ensured  a  large  area  of  contact 
between  it  and  the  reacting  mixture.  To  combine  with  the  water  of  reaction 
(and  with  the  water  contained  in  the  methacryllc  acid)*,  a  calculated 
quantity  of  acetic  anhydride  was  added  to  the  reaction  mixture.  The  removal 
of  water  with  P2OS  was  excluded  by  the  fact  that  this  would  Induce  the 
formation  of  metaphosphor Ic  acld^  which  would  promote  the  formation  of  ethylene 
dimethacrylate. [4]. 


Constants 


of  the  product,  obtained  by  direct 
esterification 


TABLE  3  The  mixture  of  methacryllc  acid 

and  catalyst  was  nixed  with  a 
propeller  type  stirrer,  through 
the  follow  shaft  of  which  the 
acetylene  was  Introduced.  The 
shaft  of  the  stirrer  was 
connected  to  the  source  of 
acetylene  through  a  special 
mercury  seal.  To  prevent 
polymerization,  Vf>  of 
hydroqulnone  was  added  (on  the 
weight  of  the  methacryllc  acid). 
The  quantity  of  acetylene 
passed  through  the  acid  at  a 
temperature  of  35 vas 

approximately  2  liters/hour  and  in  toto  was  for  example  0.8  g/g  of  acid.  The 
general  yield  of  the  addition  of  acetylene  to  the  acid  under  these  conditions 
attained  803&  on  the  weight  of  methacryllc  acid. 


Physical 

1  According  to: 

property. 

Rutovsky 

and 

Zabrodina 

[11 

Redberg 

[31 

Our  own 
work 

Refract¬ 
ive  index 

nb®  l.W 

ng®  I.U358 

n|°  I.U37O 

Specific 

gravity 

diS  0.9351 

diS  0.9535 

d5°  0.9339 

Distillation  of  the  products  of  addition  of  acetylene  (after  washing  out 
the  unreacted  acid  and  drying)  gave  the  results  seen  in  Table  h. 

The  constants  for  fraction  II  were  in  pretty  close  agreement  with 
calculated  values  (Table  5)« 


The  bromine  number  was  determined  by  the  bromide-br ornate  method  of  Knopa 
[5]  and  the  saponification  was  carried  out  with  55^  aqueous  alcoholic  alkali  In 
the  cold.  >  ;  - 


The  vlny  methacrylate  obtained  in  this  way  was  a  colorless  liquid  with  a  small 
reminiscent  of  that  of  vinyl  acetate,  and  was  used  for  copolymerization  with 
methyl  methacrylate. 

Investipiation  of  some 
properties  of  the  copolymers. 

Copolymers  with  small 
contents  of  allyl  and  vinyl 
methacrylates  were  investi¬ 
gated,  and  some  tests  only 
‘  were  made  on  a  copolymer  with 
lCyf>  of  allyl  ester. 

Copolynerization  was 
brought  about  by  mixing  the 
freshly  prepared  monomer  with  1^ 

of  benzoyl  peroxide.  The  prepared  reaction  mixture  was  heated  on  a  water  bath 
under  reflux  so  as  to  obtain  the  so-called  'forepolymer'  and  the  latter  was 
poured  into  a  glass  mould  prepared  from  two  glass  plates.  After  pouring,  the 
opening  in  the  mold  was  sealed  up  with  thick  paper.  The  polymerization  was 


TABLE  4 

Results  of  distillation  of  the  products  of 


addition  of  acetylene 


Raction 

Presasx 
(mm  Hg) 

Boiling 

range 

(in  “) 

Refrac¬ 

tive 

index 

Brcnine 

No. 

Specific 

gravity 

I 

150 

UO-61 

l.'*355 

303 

II 

150 

61-63 

1.4377 

264 

0.9430 

III 

14 

to  107 

(97-107) 

I.U395 

247 

970 


.  TABLE  5 


constants  for 

fraction  II 

Constants  | 

Bromine  | 

1  Saponlfl-  1 

1  Moleur 

I 

!  No.  i 

!  cation  No. I 

i  refraction 

Theoretical  j 
Obtained  foij 

282  1 

500  1 

31.7 

fraction  Ii- 

264 

UT7 

31.2 

Deviation  1 

J 

w . 1 

6.U 

4.6  1 

1-1 

prepared  under  the  same  conditions. 


carried  on  In  a  thermostat 
beginning  at  UO*,  and  after 
the  material  In  the  mold  ^d 
lost  Its  fluidity  the  tempera¬ 
ture  was  raised  to  65*.  At 
this  temperature  the 
polymerization  still  took  five 
days.  To  terminate  the 
polymerization  the  mold  was 
cooled  to  room  temperature  over 
a  period  of  2-3  hours.  The 
methyl  methacrylate  polymer  to 
compare  with  the  copolymer  was 


The  samples  were  cut  with  a  knife  from  the  slates  of  copolymer  so  obtained 
and  reduced  to  the  right  size  by  filing  and  rubbing  with  emery  paper. 

The  resistance  to  the  action  of  organic  solvents  was  determined  by 
extracting  the  samples  ^Ith  chloroform  In  a  Soxhlet  thimble  for  6-8  hours 
(6  hours  for  the  allyl,  and  8  hours  for  the  vinyl  ester)  and  weighing  the  dried 
residue  left  behind  after  driving  off  the  solvent  from  the  extract.  The 
Impact  and  bend  strength  were  determined  by  Dlnstat's  method;  the  hardness  of  the 
allyl  methacrylate  copolymer  was  determined  on  the  Brinell  and  that  of  the  vinyl 
methacrylate  copolymer  on  the  Rockwell  scales.  .  •  ‘ 


The  results  of  the  tests  are  given  In  Table  6. 


TABLE  6 

Resents  of  tests  of  the  properties  of  copolymers 


Property  measured  i 

•  .  1 

Allyl  methacrylate  copolymer  | 

1  Vinyl  methacrylate 

'  copolymer  * 

:  ^  allyl  methacrylate  In  '  i 

1  copolymer  1 

1  ^  vinyl  methacrylate  In 

1  '  copolymer 

:  0  1 

10  I 

1^  1 

20  ! 

40  i 

i  5  I 

10  i 

13. 

20 

Stability  to  organic  sol | 
vents:  Loss  of  weight 
(in  weight  . 

!| 

54.2  I 

1 

5.8 ! 

6.08 

5.1  ; 

1.5 

Thermal  stability  (*)  1 

(Vick) . 

I 

126.5! 

132.5 

_ 

— 

— - 

Impact  strength  j 

(kg.cm./cm^) . j 

p.7.3 

17.1 

j  22.3! 

CO 

06 

I21.2 

12.62 

12 

11.45 

— 

Bend  strength  (kg/nra^) . .  j 

1268 

1444  ! 

1333 : 

1140 

1268 

1415 

ll40 

1115 

Hardness  (kg/mm^) . ! 

18" 

24 

25.9 1 

!1 

1 

j  25.9 

128.4 

|1042 

26  j 

28 

1  30 

1 

As  can  be  seen  from  Table  6,  comparatively  small  additions  of  allyl  or 
vinyl  methacrylate  markedly  Increase  the  stability  of  the  polymers  to  organic 
solvents,  copolymerization  with  the  vinyl  compound  being  more  effective  here  than 
with  the  allyl  compound:  at  the  same  time  the  thermal  stability  and  the  hardness 
are  significantly  Increased  as  veil.  The  Impact  and  bend  strengths  of  the 

Table  6.  Upper  figure  =  Brinell,  lower  figure  =  Rockwell  hardness. 
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copolyiners  with  allyl  methacrylate  differ  to  a  Email  exteat  only  from  that  of 
the  pure  polymer,  while  the  co-polymer  with  vinyl  methacrylate  Is  somewhat 
deficient  in  respect  of  these  properties.  - 

Such  a  difference  "between  the  two  copolymers  is  apparently  connected  with 
the  fact  that  the  structure  of  the  trimerlc  macromolecule  of  the  vinyl, 
co-polymer  is  more  rigid  than  that  of  the  ally  methacrylate  copolymer  which 
Increases  the  brittleness  and  the  resistance  of  the  polj^r  to  solvents.  The 
rigidity  in  its  turn  can  be  explained  by  the  fact  that  the  ‘bridges*  in  the 
vinyl  methacrylate  copolymer,  linking  the  linear  macromolecules  together,  are 
shorter  than  in  the  allyl  methacrylate  copolymer,  and  their  number  per  unit 
length  is  larger,  as  a  consequence  of  which  the  reactivity  of  the  vinyl  group 
is  raised  relative  to  that  of  the  allyl  group. 

Tests  of  the  suitabllity_  of  the  copolymer  for  optical  purposes.  Only  the 
copolymer  with  10^  of  allyl  methacrylate  was  examined.  Side  by  side  with  the 
results  of  the  examination  of  the  copolymer  are  shown  the  results  of  tests  of 
certain  other  analagous  materials. 

The  refractive  index  of  the  copolymer  with  10^  of  allyl  methacrylate  differs 
slightly  from  that  of  technical  plasticized  plexiglass  (l.^97)  and  from  that  of 
pure  methyl  methacrylate  (1.490-1.492). 

The  rhange  of  the  refractive  index  of  the  copolymer  with  temperature 
(0.9* lO”^  )  is  somewhat  less  than  the  figure  for  plexiglass  molding  powder 
(l.l'lO”'*)  and  of  plexiglass  without  plasticizer  (l.0*10”  ) 

The  copolymer  has  a  coefficient  of  linear  expansion  of  0.97* lO”^  which 
is  very  near  to  that  of  pressure  cast  plexiglass. 

The  thermal  stability  of  the  samples  was  determined  as  the  depth  of 
penetration  of  2  mm  balls  under  a  pressure  of  10  kg  dead  weight  applied  for 
60  secs.  The  experiments  were  made  in  a  thermostat  at  20-130*  and  at  each 
10*  in  that  interval.  Temperatures  at  which  the  penetration  was  equal  to 
1  cmi  were  found  graphically. 

The  elasticity  of  the  samples  was  determined  on  the  same  set  up  as  that 
used  for  determining  the  thermal  stability:  it  consisted  in  finding  out  the 
residual  deformation  60  seconds  after  taking  off  the  load. 

The  surface  hardness  was  characterized  by  a  lowering  of  the  coefficient  of 
reflection  from  the  polished  surface,  as  a  result  of  the  fall  of  100  g  of  sand 
on  to  it  from  a  height  of  40  cns.  The  results  are  expressed  in  terms  of  the 
lowering  of  the  coeffient  of  reflection  (AK)  as  a  percentage  of  its  initial  value 

The  results  of  the  experiments  are  set  out-  in  Table  7- 

From  then  it  can  be  seen  that  the  copolymer  is  higher  in  thermal  stability, 
temperature  of  maximum  residual  deformation,  and  surface  hardness,  than  the 
samples  of  polymethylmethacrylate  used  for  comparison. 

SUMMARY 

1)  Methyl  methacrylate  copolymers  containing  up  to  hOrfi  of  allyl 
methacrylate  are  harder,  more  thermally  stable,  and  have  higher  chemical 
resistance  than  polymethylmethacrylate. 

2)  PoliTzerized  methyl  methacrylate  containing  vinyl  metha.crylate  has  a 
higher  resistance  to  organic  solvents  than  that  containing  allyl  methacrylate. 


m 


TABLE  7 


Besults  of  physical  and  occl-inlcal  examination  of  the  copolymers 


•  Samples 

Thermal'  j 
stability 

(Tioo) 

i 

i  Maximum  1 

residual 

1  def ormaticQ 
(as  a 

fraction  of  I 
the  total  j 
!  deforniatlonl 

1  Temper  atureej 
1  of  maximum 

1  residual 
i  deforiaatlon 

(•) 

1  Surface 

hardness 

Cf^) 

■  1, 

Plasticized  polymethylnetha- 
crylate. . . . . . . . 

i 

81  1 

0.8-0. 9  1 

80-85 

’ 

31.5i3.0 

Pressure  molded  polymethyl¬ 
methacrylate . 

90  1 

t 

0.75-0.65  1 

90 

— 

Unplastlclzed  polymethylmeth- 
acrylate . 

i 

j 

95  1 

1 

0.75  i 

^  -  i 

■  100  I 

31-7i2.0 

Copolymer  with  10^  allyl 
methacrylate . . . 

! 

121  1 

1 

|o.^o.65  1 

i 

105-110  ; 

13-412.0 

5)  The  optical  properties.  Impact,  and  bend  strength  of  the  copolymer  with 
a  small  quantity  of  allyl  methacrylate  differ  slightly  from  those  for  pure 
polymethylmethacrylate. 
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CALCULATION  OF  THE  VISCOSITY  OF  LACQUERS 
I.H.MorozoT 


One  of  the  characteristics  of  high  molecular  compounds  is  their  viscosity. 
Lacquers,  both  on  a  nitrocellulose  and  an  oil  basis,  are  assessed  by  their 
viscosity  which  has  to  meet  technical  specifications;  products  of  good  quality  may 
be  obtained  from  sub-standard  lacquers  by  changing  the  concentration,  additions 
of  other  lacquers,  etc. 

The  viscosity  required  by  technical  specifications  relates  to  a  quite  def¬ 
inite  temperature,  but  in  practice  this  temperature  is  not  always  adhered  to.  Hence 
it  is  necessary  to  be  able  to  establish  the  viscosity  of  lacquers  at  the  temperature 
required  by  technical  specification^  if  the  determination  has  been  ceirrled  out  at 
another  temperature,  and  also^the  viscosity  of  a  mixture,  as  a  function  of  the 
viscositltes  and  quantities  of  the  components. 

This  raises  the  need  to  work  out  the  dependence  of  viscosity  on  a  number 
of  veoriables;  temperature,  concentration,  and  the  nature  of  the  solvent,  the  high 
molecular  compound  and  the  pigment.  Many  formulas  are  given  in  the  literature 
relating  the  vlsccsity  to  a  number  of  factors.  We  needed  to  select  a  formula  in 
which  there  was  a  linear  relation  between  some  function  of  the  viscosity  and  the 
independent  variables  as  follows: 

»  B  or  jr  (7)  -  A  -»•  Bx, 

■  '  dx 

where  A  and  B  are  constants;  x  is  the  Independent  variable;  and  'll  is  a  function 
of  viscosity.  ' 

A  family  of  such  relationships  makes  it  possible  to  find  easily  a  value  of 
for  any  value  of  x  if  A  and  B  are  accurately  known  beforehand.  In  ^rticular 
cases  the  dependents  may  be  more  complicated.  For  example:  d  log  ('^j/  dx  may  not 
be  a  constant  but  a  function  of  x  as  follows:- 


(1) 

(2) 

(3) 

{h) 

(5) 

where  x  =  the  argument;  *t^=  viscosity;  A  and  B  =  constants;  e  =  base  of  natural 
logarithms;  a  and  b  are  the  scales  on  which  the  viscosity  is  calculated;  a  * 
viscosity  scale,  and  b  =  argument  scale.  The  scales  and  the  value  of  n  are  so 
chosen  as  to  make  it  convenient  to  calculate  the  viscosity  on  a  slide  rule.  They 


/  may  be  any  arbitrary  figures.  These  formulas  express  the  changes  of  viscosity 
as  a  function  of  different  parameters  not  only  for  lacquers  but  for  many  other 
-c  liquids. 

!:  To  illustrate  vhat  has  been  said,  calculated  values  of  viscosity  are 

given  In  the  tables  belov  and  are  compared  with  experimental  data  taken  from 
the  literature.  Under  the  columns  of  calculated  viscosity  are  shown  the 
I  formulas  from  which  the  viscosity  was  calculated  and  the  numerical  values  of 

•i  the  constants  A  and  B,  of  the  scales  a  and  b,  of  n,  and  the  sign  before  unity 

I  if  the  viscosity  was  calculated  from  Formula  (5). 

i  •  ‘  '  TABLE  1  •  ' 


In  Table  1  values  of  viscosity  calculated  as  a  function  of  concentration 
are  compared  with  experimental  data  for  the  viscosity  of  glycerine  solutions 
(from  Ubbelohde  [1]).  glycol  (Dunstan  [2]J,  glycogen  (Bottazzi  and  d'Errlco 
[5]);  In  Table  2  are  given  the  values  for  solutions  of  pseudoglobulin  (Chick 
[4])  and  a  suspension  of  sulfur  (Oden  [5])- 

In  Table  3  calculated  values  of  viscosity  for  different  temperatures  are 
compared  with  experimental  daba  for  the  viscosity  of  caustic  soda  and  potash, 
sodium  phosphate  and  boric  oxide  (Arndt  and  Folets  [6]j;  In  Table  4  the  same  is 
X  done  for  ethanol  and  a  6C^  solution  of  beet  sugar  (Biiighaa  (?]),  bismuth  chloride 
(Aten  [8j)  and  castor  oil  (from  the  'Technical  Encyclopedia'}. 

This  Is  repeated  In  Table  5  the  viscosity  of  carbon  disulfide,  ethanol, 
end  glycerine  as  a  function  of  pressure  (Bridgman  (9l}j  and  for  castor  oil 
(from  the  'Technical  Encyclopedia').  It  can  be  seen  from  these  tables  that  the 
viscosities  of  liquids  as  a  function  of  concentration,  temperature  and  pressure 
calculated  by  formulas  agree  with  quite  sufficient  accuracy  with  experimental 
data.  The  dependence  of  the  viscosity  of  liquids  of  homologous  series  can  also 
be  expressed  with  similar  accuracy.  Thus,  for  example,  the  curves  for  the  change 
of  viscosity  of  saturated  hydrocarbons  as  a  function  of  the  molecular  weight  and 
specific  gravity  can  be  expressed  by  the  formula: 
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0.1  [e  +  0*(M*d)J®’^  ^  ^  # 
l.e.  Formula  (l)  where  A  »  e  «  2.72;  B  »  0 


TABI£  2 


Exp 

Ho. 

t.  1 

Solution 

of  pseudoglobulln  | 

Susoenslon  of  sulfur 

- y. 

ISCPSltV 

Concen¬ 

tration 

I  Viscosity 

Concen¬ 

tration 

Observed 

Calcula¬ 

ted 

Particles  of 
diameter  10®/^ 

1  Particles  of 
!  diameter  lO.u 

Observed 

Calcul¬ 

ated 

Observed 

Calcul¬ 

ated 

1 

6 

1.82 

1.73 

10 

1.14 

1.14 

1.20 

'  1.22 

2 

8 

2.22 

2.24 

20 

1.36 

1.39 

1.70 

1.60 

3 

10 

3.15 

3.15 

30 

1.86 

1.82 

2.50 

2.30 

k 

12 

4.5 

^.5 

40 

2.58 

2.52 

3.96 

3.55 

5 

14 

7 

7  ^ 

50 

3.70 

3.70 

5.75  . 

5.75 

6 

16 

12 

12 

— 

— 

— 

7 

18 

22 

22 

— 

— 

— 

... 

8 

20 

40 

45 

— 

— 

— 

— 

Formula. . . 

(5) 

(1) 

(1) 

Values 

of: 

'a.. 

2.71 

1.1 

1.17 

B.. 

0.l4 

0.04 

0.05 

a.. 

1 

1 

1 

b.. 

1 

0.1 

0.1 

[n.. 

0.1 

— 

— 

Sign. .. 

»  •  •  • 

•  ;•  - 

+ 

— 

- 

The  curves  of  change  of  viscosity  of  aliphatic  acids  Is  expressed  by  the' 
formula; 


l.e..  Formula  {^),  where  M  =  molecular  weight  and  d  *  specific  gravity  of  the  . 
compound. 

A  and  B  can  be  calculated  from  the  viscosities  of  the  liquids,  at  two 
different  values  of  the  argument,  by  substitution  and  solution  of  the  equations. 

Viscosity  of  lacquers.  In  the  tables  given  below  the  observed  and 
calculated  viscosities  of  solutions  of  different  lacquers  mainly  as  a  function 
of  concentration,  pigment  content,  and  temperature,  are  compared. 

In  Table  6  the  values  of  viscosity  as  a  function  of  concentration  of 
solutions  of  castor  oil,  and  of  resins  FB-2  and  132  In  benzene,  are  set  forth; 
and  in  Table  7  the  viscosities  of  solutions  of  pervinyl  chloride  resins  in  solvent 
naphtha,  of  polyvinyl  chloride  resins  In  acetone-butyl  acetate-toluene  (3:3:^) 
and  of  gelatin  in  water.  ■  ^  ' 

In  Table  8  are  given  the  viscosities  of  a  thick  paint  as  a  function  of  its 
oil  content  and  of  KiSA,  AP-Alumlnlc,  and  FB-2  lacquers  as  a  function  of  their 
aluminum  powder  content;  while  in  Table  9  vill  be  found  data  for  the  viscosity 
of  the  nitrodope  Kl-white  (prepared  from  nitrocellulose  of  different  viscosities) 
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and  of  pigmented  dope  AS-30  as  a  function  of  Its  pigment  content. 

In  the  Tables  the  type  of  viscosimeter  which  Wes'  used  for  determining  the 
viscosity  Is  mentioned.  As  would  be  expected,  both  the  values  of  the  constants 
and  the  formula  for  calculating  the  viscosity  depend  ou  the  nature  of  the  solu¬ 
tion  euid  the  type  of  viscosimeter.  At  present  the  viscosity  of  nitrocellulose 
is  determined  In  2^  acetone  solution  In  an  Engler  viscosimeter;  the  viscosity 
of  varnishes  Is  determined  In  other  viscosimeters.  Hence  cases  frequently 
arise  where  a  nitrocellulose  appears  quite  suitable  for  use  (according  to 
technical  specifications)  but  the  lacquer  made  from  it  may  have  to  be  discarded. 

‘  ‘  ‘i  .  ■  '  "  TABI£  3  *  ■ 


Temp.  1 
(in  ! 

•) 

1  Viscosity 

1  NaOH  1 

1  KOH  ■  1 

! _ 

ObsETved 

Calcul¬ 

ated 

OteiTved 

Calcul¬ 

ated 

Observed 

Calcul¬ 

ated 

Observed 

Calcul¬ 

ated 

1 

350 

4 

4 

2 

400 

2.8 

3 

2.3 

2.3 

3 

450 

2.2 

2.3 

1.7 

1.8 

500 

1.8 

1.8 

1.3 

1.3 

5 

550 

1.5 

1.5 

1.0 

1.0 

6 

60b 

0.8 

0.8 

7 

650 

1250 

1500 

8 

700 

700 

725 

9 

750 

470 

470 

54000 

32000 

10 

800 

500 

500 

26000 

28000 

11 

850 

210 

210 

17000 

18000 

12 

900 

11800 

12000 

13 

1000 

7000 

7800 

14 

1100 

4000 

3800 

Formula . . 

(4) 

(4) 

(4) 

Values 

• 

of: 

fA. 

• 

4.125 

4.44 

5.485 

5.18 

B. 

-0.0015 

-0.0011 

-0.0015 

-0.00144 

a. 

0.1 

0.01 

1 

1 

b. 

1 

1 

1  . 

1 

0.1 

0.1 

0.1 

0.1 

Apart  from  this  It  Is  not  unnecessary  to  mention  that  the  viscosities  of 
solutions  of  nitrocellulose  differing  in  specific  viscosity  and  in  origin 
(l.e,  nitrogen  content j  change  to  a  different  extent  In  going  from  one  solvent 
to  another. 

In  Table  10  are  set  forth  the  average  coefficients  of  change  of  viscosity 
of  solutions  of  three  samples  of  nitrocellulose  when  transferring  from  butyl 
acetate  to  solvents  ASh-30,  ACT  and  EW  (at  different  concentrations) .  With 
Increase  In  the  concentration  of  the  solutions  the  coefficient  of  change  of 
viscosity  changes  differently,  according  to,  the  nature  of  the  cellulose  sample. 
This  Is  apparently  connected  with  the  structure  of  the  nitrocellulose  molecules. 

JVom  all  this  it  follows  that  the  suitability  of  nitrocellulose  as  a 
lacquer  base  for  one  or  other  varnish  may  be  assessed  with  least  error  only  by 
determining  its  viscosity  in  solvents  and  in  the  concentrations  In  which  the 


given  lacquer  will  be  used;  If  the  coefficient  for  the  conversion  of  the 
viscosity  figures  determined  In  one  viscosimeter  to  those  that  would  be  obtained 
with  another  Is  not  known,  then  the  viscosity  of  the  solution  must  be  determined 
In  the  same  viscosimeter  as  Is  used  for.  checking  the  lacquer  Itself. 


TABLE  h 


Expt. 

Temp. 

No. 

(in 

•) 

Solution  of 
beet  suKar 


Viscoslt: 


Castor  Oil 


Expt.  Pres- 
Ho.  sure 
(atm) 


Carbon 

disulfide 


Calcul¬ 

ated 


Viscosit 


Ethanol 


Glycerine 


Pres-  Viscosity  of 
sure  castor  oil 
[(atm)  Observed 


CSrecrvedlCalcul-  Observed  Calcul- 
lated  ated 


8  1 10000 
12000 


3.8 
5.2 

6.9 
11.8 
32 
84 

200 

515 


3.8 

4.7 

6.0 

10 

27 

74 

200 

550 


With  Increase  of  concentration  the  viscosity  of  the  colloid  solutions 
Increases  inore^  the  more  nairked  the  tendency  of  the  solutions  to  gelatinize^  as 
is  evident  from  the  formulas  and  the  constants  for  the  change  of  viscosity  of 
solutions  of  per-and  polyvinylchloride  resins  and  gelatin  solutions  (Table  B}. 
The  gelatin^  solutions  have  the  largest  and  the  pervlnylchlrolde  solutions  the 
smallest  tendency  to  gelatinize.  This  Is  also  confirmed  by  the  change  of 
viscosity  of  DI-ISA,  AP-alumlnlc  and  FB-2  as  a  function  of  their  aluminum  powder 
content  (Table  8).  FB-2  has  the  largest  tendency  to  gelatinize. 

.  .  TABLE  6  '  ■ 


Viscosity  of  Solutions  (Secs.) 


1 

uoncen- 

tration 

Castor 

oil 

Resin  FB-2 

Resin  No  132 

Resin  No  32 

Obser¬ 

ved 

Calcu¬ 

lated 

Obser¬ 

ved 

Calcu¬ 

lated 

Obser¬ 

ved 

Calcu¬ 

lated 

Obser¬ 

ved 

Calcu¬ 

lated 

1 

100 

80 

82 

3300 

3300 

2 

90 

28 

30 

980 

1000 

2300 

2350 

3 

Bo 

12 

11 

300 

310 

1700 

1700 

500 

520 

k 

70 

6 

6 

106 

UO 

490 

500 

135 

138 

5 

6o 

k 

3.5 

.58 

40 

163 

160 

37 

35.5 

6 

50 

2.5 

2.5 

15 

16.2 

52 

56 

10 

11 

7 

UO 

2 

1.9 

8 

7.5 

21 

20 

4 

4.2 

S 

30 

1.5 

1.7 

4 

3.7 

8 

8.3 

2 

1.9 

Formula 

(5) 

(1) 

(1) 

(1) 

rx 

1.36 

1.25 

1.73 

0.67 

B 

0.078 

0.1 

0.1 

0.19 

Values  of>< 

a 

1 

1 

1 

I 

b 

0.1 

0  1 

0.1 

0.1 

0.1 

Sign 

♦ 

Type  of 

viscosimeter 

FE^ 

(5  mm) 

1 

FE  (5  Em) 

FE 

(4  mm) 

NIILK  (7  mia) 

The  viscosity  of  GM-white  nitro-dope  (Table  9)  as  a  function  of  Its  pigment 
content  Increases  differently  according  to  the  origin  of  the  nltro-cellulose. 

The  viscosity  of  dope  from  less  viscous  nitrocellulose  may  be  higher  than  that 
from  more  viscous.  This  may  also  be  observed  with  pigmented  dopes. 

Investlpation  of  the  viscosity  of  lacouers  as  affected  by  variation  of 
temperature  between  summer  and  winter.  Tne  lacquers  placed, in  closed  cans, 
were  mounted  in  banks  on  an  agitator  in  thermostat  at  different  temperatures. 

The  viscosity  determinations  were  carried  out  when  the  temperatures  of  the  lacquers 
became  identical  with  that  of  the  thermostat.  The  viscosity  figvires  obtained 
are  set  forth  in  the  tables;  In  Table  11  are  the  viscosities  of  nltro-dope  and 
in  Table  12  those  for  oil  varnishes.  The  observed  viscosities  are  compared  with 
those  calculated  from  formulas.  The  agreement  Is  sufficiently  accurate. 

Using  the  formulas  thus  determined  and  checked,  we  can  calculate  the  co¬ 
efficient  for  converting  viscosities  at  various  temperatures  to  l8-20*  and  also 
for  converting  vlscositites  In  one  viscosimeter  to  those  In  another.  The  co¬ 
efficients  thus  calculated  are  used  satisfactorily  in  our  factories. 


FE  here  and  elsewhere  means  the  Ford-Engler  viscosimeter;  the  diameter  Is 
Indicated  In  brackets. 


Solutions  of 
pervlnylchlorlde 


Solutions  of 
polyvinylchloride 


Solutions  of 
gelatin 


or  denominators  corresponds  to  the  average  flgvire  for  the  sum  of  the  values 
of  the  argument.  ,  *  *  ; 

•  For  example:  from  ’Table  1  log  log  for  glycerine  at  a  concentration  of 
85^  is  equal  to  half  the  sum  of  (log  log  for  100^  concentration  +  log  logTJ 
for  a  concentration  of  70^);  from  Table  2  (col.?)  the  denominator  of  the 
viscosity  of  a  sulfur  suspension  at  30^  concentration  Is  equal  to  the  average 
value  of  the  sum  of  the  denominators  at  10  and  505^*  As  a  result  of  this  the 
viscosity  of  mixed  dope  may  be  calculated  from  the  viscosity  and  concentration 
of  the  Initial  dope  from  the  following  formula:  ; 


r  V 

[q-  IJj  1  +  d- 


:  Li- ^  ^  ^  ^  V  -13  .  . 

1  —  ^  .  -i  q  -f  d  ■I''  V  -  -  '  ' 

:  ”  +  d  log  7^^  +V'log7|^'^ 

-  -  '  '  q  +  d  +  V  /_% 

J  ;  »  e  ^  (7) 

'  ,  (qiog  log-rjj^  +diog  logijg  +viog  logTjJ 

\  q  +  d  +  V 

! 

where  'T^  =  viscosity  of  the  mixed  lacquers;  3,  T]  0  and  T|3  =  viscosities  of  the 
lacquers;  Ci,  Cz  and  C3  =  concentration  of  Initial  lacquers;  C  =  concentration 
of  mixed  lacquers;  q,  d  and  v  =  quantities  of  Initial  lacquers. 

Formula  (6)  is  used  when  the  change  of  viscosity  Is  expressed  by  Formula 
(1),  Formula  (7)  when  the  change  Is  expressed  by  Formulas (2)  and  (3)  and 
formula  (8)  when  the  viscosity  Is  expressed  by  Formulas  (4)  and  (5). 

•  •  TABLE  9 


Quantity  Viscosity  of  nitrocellulose  used  (Engler)  ‘Viscosity  of 

of  paste  _ 1.10 _ f  1.19  I  l»l5  pigmented 

(in  g/lOOg  Viscosity  of  nitrocellulose  enamel  EM-white  dope  ASh-30 

of  base)  _  _  (sec)  _ 

I  {  Obser-  Calcu-  Observ-  Calcu- 
ved  lated  ed  lated 


Viscosity  of 

pigmented 
dope  ASh-30 

Obser- 

Calcu- 

ved 

lated 

86 

87 

110 

109' 

140 

138 

176 

179 

„  .  Viscosity 

of  nitro- 
cellulose 


TABLE  10 


Coefficients  of  change  of  viscosity  of  solutions  vith 
the  solvents 


ASh-30 


1.32 

0.93 

Smaller  the  higher 

-  . 

the  concentration 

Larger  the  higher 
the  concentration 

1.0 

0.9 

TABLE  11 

Expt. 

Ho. 


/iscosity  of  nitrocellulose  dobe  of  different  trade  marks 


AK-20  I  A-l-ir  I  ASh-50 


Calcu-  Obser-  iCalcu-  pbser-  klalcu-  Obser-palcu-  Obser-I  Calcu 
lated  ved  llated  yed  listed  ved  tated  ved 


Formula 


Value  of 


-0.017 

1 

1 

0.1 


3.88 

-0.01 

1 

1 

0.1 


3.9 

•0.009 

1 

1 

0.1 


150 
110 
100  100 
75  76 

67  67 


4.075 

-0.0088 

1 

1 

0.1 


2.625 

-0.075 

1 

1 

1 


Type  of  viscosi 
meter 


Conical 


FB  (5  cm) 

The  amount  of  initial  dopes  for  obtaining  the  mixtures  vith  the  specified 
viscosity  is  calculated  by  solution  of  the  following  equations: 

.  0,  1  A  . 

*  a*  =  X  •  +  (a  -  x)  •  'T|2  (9) 

^  log  Tji  +  (or-x)  log 'TjJ/o-  (10) 

^  e®  ^  g(x  log  log'TJi  +  (or-x)  log  logTjsJ/a  (ll) 
(e°)  «  (e°) 

where  a  =  quantity  of  dope  of  specified  viscosity;  x  »  unknown  quantity  of  one 
of  the  Initial  dopes;  B  =  logarithm  of  the  specified  viscosity;  '’|3  = 

viscosities  of  the  specified  and  Initial  dopes;  and  Ci,  C2  and  C3  concentrations 
of  the  specified  and  Initial  dope. 


Viscosity  of  dopes  of  different  narks  (sec 


astor  Oil-  I  Drying  Oil  {Export . Lacquer  |  FB-2 


bser-  Calcu-  Obser-  Calcu-  Obser-  Calcu-  Obser-  Calcu- 

ed  lated  ved  lated  ved  lated  ved  lated 


the  flov  of  solutions  of  castor  oil  in  dibutylphthalate.  Since  the  change  in 
the  viscosity  of  liquids  as  a  function  of  different  variables  is  expressed  by 
the  different  fornulas  presented,  it  vas  interesting  to  Investigate  the  rate 
of  flov  of  liquids  from  vessels  of  different  shapes  as  a  function  of  the  dia- 
ceter  of  the  opening. 


TABLE  Ik 


Concen-  ! 

Diameter  of  ar; 

?rture 

tratlon 

2  5  3  1  h 

6 

7 

. 

of  solu-i 

Time 

of  flow  (la  secs) 

tlon  1 

Ob- 

^al-  !0b-  1  Cal- 

Ob- 

!  Cal- 

.Ob- 

Cal-  1 

Ob-  I  Cal- 

Ob- 

Cal-^ 

ser- 

Jeu-  Iser 4  cu 

ser 

-i  cu- 

ser 

CU 

ser J  cu- 

ser- 

cu- 

; 

ved 

ilated  h^ed  I  lated 

yed 

!  lated 

ved 

!  lateo 

ved  1  latedl 

ved 

lated 

.0 

105 

1  105  1  66  I  66 

41 

1  4l 

25 

E  25 

16  16 

10 

10  - 

20 

l40 

1 157  1 80  i  83 

50  f  48 

28 

i  27 

18  17.5 

U 

11 

40 

205 

i  206  1120  1  121 

65 

1  64.5 

40|  37.2 

22  22.4 

14 

14 

60 

350 

1;  348  ;i95  1  197 

100 

flOO 

55 

54 

32  32.3 

20 

20.2 

80 

680 

i  670  mo  !  357 

180s 176 

95 

1  94 

55 !  54 

33 

33.5 

100 

^560 

I1580  ;/23 !  725 

360 1 352 

190 

100 1  99.5 

62 

62 

Formula 

r"M  i 

id) 

t  Hi 

i  (1) 

(1) 

(a 

!1.097  ^.095 

D.04o 

l.OlO 

,ii 

f 1.012 

1.012 

Ib 

■O.O2III  b.0117 

p.020 

P.0213 

jo.  0188 

•0.0188 

Values]  a 

1  105*  1  66 

41 

V25 

1  16 

10 

of  b 

i  .  P-1 

' 

1 

).l 

J.l 

!o.i 

^1.1 

TABLE  15 


Concentration  of  solution 

Dia- 

0 

!  20 

uo  ?  50  ; 

60 

loo 

meter 

Time  of  flow  (in  secs 

) 

of 

Ob-  iCal- 

iOb- 

Cal- 

Ob- 

Cal-  lOb- 

Cal-  ' 

Ob- 

Cal- 

3b- 

Cal-  ' 

ser-  jcu- 

^ser- 

cu- 

ser-i 

cu-  iser- 

cu 

ser-| 

cu- 

ser-i 

cu-  . 

ed  ; lated j ved 

lated; 

ved 

latedl ved 

latedl 

ved  j 

lated 

Ved 

lated 

2 

105  ^  105 

:i40 

138 

205 

210  =350 

360  ! 

680  1695 

1560 

1520 

3 

66  i  66 

i  80 

83 

120 

318  ;i95 

188  1350  346  1 

728 

730 

4 

41  i|  41 

j  50 

48.2’ 

65 

66.7  1100 

102  ^ 

180 

182 

360 

362 

5 

25  25 

:  28 

29-2 

40 

38.8^  55 

57  ; 

95  ! 

97 

190 

190 

6 

16  ]  16 

'  18 

17.7 

22 

23  =  32 

55 

55.5 

100 

105 

7 

10  j  10 

1 

11 

14 

L _ i 

14  20 

t _ 

20  1 

33 

33 

62 

For  mu] 

(1) 

i 

1 

d) 

M  i 

(1)  f 

i 

(!)  i 

(1) 

A 

?  1.60 

1 

5! 

1.61 

1.62, 

I.63I 

1.6^ 

» 

1.65 

Values) 

B 

1  0-0? 

i 

0.01 

0.02  I 

0.03! 

O.Oi: 

0.05 

5r 

a 

!io 

11 

11 

20 

33 

62 

Lb 

1  1 

a 

1 

i 

1 

1 

•1 

1 

Cans  vere  rnade  frca  sheet  Iron.  The  thickness  of  the  cans  vas  0.45 
their  height  4.5  cms,  and  their  diameter  7*5  cms.  Holes  of  the  following 
diameters  vere  made  in  the  floors  of  the  cans;  2,  3^  4,  5>  7 

Solutions  of  castor  oil  in  dlbutylphthalate  vere  poured  in.  While  the  cans 
were  being  filled  the  holes  vere  closed,  and  they  vere  opened  again  at  the  same 
time  as  a  stop  vatch  vas  started.  The  latter  vas  kept  going  until  I90  cm^  had 
flowed  out.  Several  determinations  of  the  time  of  flow  vere  made.  The 
temperature  of  the  solutions  vas  19.5-20*.  The  results  of  determinations  are 
set  forth  in  Tables  14-15. 

The  flow  times  of  solutions  as  a  function  of  the  concentration  are  expressed 
by  Formula  (1)  and  also  as  a  function  of  the  diameter  of  the  opening  by  an 
obvious  change  of  Formula  (l): 

t  =  a[A  +  B(7  -  ,  (12)  . 


985 


. 4 


t  . 

»■  • . 


where  t  s  tine  of  flow  and  diameter  of  opening.  The  rate  of  flow  of  water 
from  these  tins  as  a  of  the  diameters  of  opening  Is  expressed  by 

Formula  (l).  The  values  of  the  constants  are  as  follows:  A  »  1.28;  B  =  0.05; 
a  »  15;  b  =  1.  The  results  of  the  determinations  are  set  forth  in  Table  l6. 


'  t 


TABLE  l6 


No.  of 
Bxpt. 

Diameter 

of 

opening 

Rate  of  flow  of 
water  (secs) 

Observed 

Calcu_ated 

1 

2 

125 

124.5 

2 

3 

70 

72 

3 

4 

45 

44 

4  . 

5 

30 

28.5 

5 

6 

20 

20 

6 

7 

15 

15 

SUMMARY 

l)  It  has  been  shown  that  the 
dependence  of  the  viscosity  of 
dopes  and  varnishes  on  different 
variables  may  be  expressed  by 
formulas  of  the  type: 

^  .  const  and  SfEai 
dx  dx 


f(x). 


2)  The  values  of  the  constants 
expressing  f('7)  as  a  function  of 
the  Independent  variables  have  been 
determined.  The  values  of  the 

constants  were  calculated  for  different  viscosimeters  and  for  different 
conditions  (temperature,  concentration,  etc). 

5)  It  has  been  shown  that  these  formulas  can  be  used  In  practice. 
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-  One  of  us  has  already  shown  that  when  deternilnlnfc;  lignin  In  certain  lower 
plants  hy  separating  it  from  them  with  concentrated  mineral  acids,  hl^  results' 
are  obtained,  which  Is  explained  hy  the  supposition  that  part  of  the  pentosans 
are  thereby  transformed  Into  non-hydroly2^1e  substances,  which  are  determined 
with  the  lignin  [1].  The  aim  of  the  present  work  has  been  the  more  detailed 
study  of  this  question,  which  Is  of  primary  importance  for  obtaining  accurate 
Information  about  the  composition  of  plant  substances.  We  do  not  dwell  here  on 
the  effect  of  the  carbohydrate  complex  as  a  whole  on  the  determination  of  the 
yield  of  lignin,  because  a  positive  and  unique  answer  has  been  given  to  this  by 
many  investigators;  nowadays  it  Is  considered  essential  In  the  analysis  of 
plant  substances  to  extract  the  hemlcellulose  from  them  before  Isolating  the  '  ■ 

lignin  residue.  However,  there  are  a  series  of  points  which  have  still  not  been 
studied,  namely  the  complete  Extraction  and  the  possibility  of  converting  peurt  of 
the  carbohydrates  to  non-hydrolyzable  substances  by  the  action  of  dilute  acids. 

It  has  been  established  that  not  all  pentosans  are  easily  hydrolyzed  under  these 
conditions.  Usually  this  part  of  the  pentosans  Is  Included  In  the  determination 
of  the  cellulose,  which  negates  the  possibility  of  their  condensation  by  further 
treatment  with  concentrated  acid.  It  Is  not  clear  whether  the  pentosans  alone 
are  not  completely  hydrolyzed  by  dilute  acid  or  whether  other  component  parts 
have  the  same  property.  Furthermore,  other  methods  of  isolating  lignin  from  the 
plant  complex  are  known.  In  psirtlcular  that  based  on  treatment  of  the  initial 
meter ial  with  alkali  whereby  both  hemlcellulose  and  lignin  are  extracted  and 
these  are  separated  from  one  another  by  subsequent  repeated  precipitations  and 
solutions  of  the  lignin  In  alkali  and  alcohol  [2].  However,  In  the  final 
analysis  this  method  Is  not  achieved  without  the  use  of  acid  at  elevated  temper¬ 
atures,  avoiding  many  of  the  questions  posed  above.  Their  complete  solution  Is 
a  very  responsible  and  difficult  task  and  we  do  not  pretend  to  achieve  It  In  this 
paper.  However,  the  experimental  material  we  have  obtained  does  permit  us  In 
spite  of  everything,  to  Illuminate  some  points  of  the  analysis. 

'  -  -•  EXPERIMENTAL  .;-f 

The  process  of  extraction  of  hemlcellulose  with  acids  was  studied  In 
relation  to  the  hydrolysis  of  three  forms  of  plant.*  pinewood,  a  grass 
jEriophorum  vaginatum),  and  sphagnxim  moss.  They  were  analyzed  by  the  method 
described  previously  tl].  In  which  the  only  change  was  that  the  extraction  of 
the  easily  hydrolyzed  hemlcellulose  was  produced  by  heating  on  a  boiling  water 
bath  with  1  N  hydrochloric  acid  for  5  hours.  By  changing  the  concentrations 
and  times  we  found  that  the  conditions  given  insured  the  maximum  yield  of 
reducing  substances  and  did  not  affect  the  quantitative  determination,  by  later 
hydrolysis  with  concentrated  sulfuric  acid,  of  the  cellulose. and  lignin.  All 
the  anal^lc  data  reported  here  were  checked  by  duplicate  experiments.  In 
Table  I'are  shown  the  contents  of  the  components  studied. 

On  the  other  hand  the  residue  from  the  hydrolysis  by  1  N  HCl  was  subjected 
to  reaction  with  123&  ECl,  after  which  the  cellulose  and  lignin  were  also 


987 


determined  in  It.^  The  results  of  analysis  are  given  In  Table  2. 

It  is  quite  evident  that  in  all  samples  the  cellulose  fraction  Is  almost 
quantitatively  divided  among  the  substances  decomposable  by  12^  HCl  and  by¬ 
concentrated  sulfuric  acid;  the  lignin  residue  varied  ftrom  0.62  in  plnevood 
to  4.39  In  the  grass  and  4.33?^  in  the  moss.*  .  . 

This  shows  that,  particularly  In  the  two  latter  materials,  the 
carbohydrate  takes  an  active  peirt  In  the  formation  of  lignin  even  where  the 
main  part  of  the  lignin  has  been  extracted  by  preliminary  treatment  with  dilute 
acids:  the  polyuronlc  complex  Is  more  active  than  the  pentosans  in  this  respect. 
Ue  compared  two  preparations  of  the  grass  lignin;  one  obtained  by  the  usual 
method,  the  other  by  preliminary  decomposition  with  12^  BCl  followed  by 
methylation  of  the  hydroxyl  group  with  dimethyl  sulfate  in  alkaline  solution®, 
and  of  the  carboxyl  group  with  methanol  saturated  with  hydrogen  chloride. 

Results  are  presented  In  Table  3» 

As  can  be  seen,  the  extraction  of  pentosans  from  the  plant  substance  and 
the  elimination  of  the  carboxyl  group  produces  substances  with  a  considerably 
smaller  number  of  peripheral  groups,  and  a  considerable  rise  In  the  initial 
methoxyl  content.  Turning  our  attention  to  the  absence  of  carboxyl  groups  in 
the  second  preparation,  the  question  arises  as  to  whether  the  uronlc  acid  does 
not  owe  its  existence  to  the  carboxyl  group  usually  determined  in  the  lignin. 
Actually  even  after  hydrolysis  by  concentrated  sulfuric  acid  directly  on  the 
lignin  residue,  the  yields  of  which  are  shown  in  Table  1,  we  found  a  considerable 
quantity  of  uronlc  acids  and  a  somewhat  smaller  quantity  of  pentosans,  as  shown 
In  Table  4.  . 

Re-calculating  the  data  on  the  basis  of  the  mass  of  lignin,  we  see  that 
the  content  of  foreign  matter  which  Is  usually  not  taken  into  account  In  the 
analysis  of  plant  substances  comprises,  in  for  wood,  7»4l,  grass  9-8^/ 
moss  16.05.  It  would  be  erroneous  however  to  suppose  that  the  Introduction  of 
this  one  correction  would  completely  solve  the  problem  of  determining  the  lignin, 
because  the  carbohydrate  may  in  x>^t  not  be  preserved  during  the  determination 
but  may,  as  a  result  of  condensation,  actually  participate  in  the  formation  of 
lignin. 

The  uronlc  acids  are  peculiar  in  that,  splitting  off  carbon  dioxide,  they 
are  converted  to  pentoses  and  only  partly  decomposed  to  furfurol;  as  Is  known 
the  latter  Is  obtained  from  galacturonlc  acids  in  yield  of  43-08^  and  from 
glucuronic  acids  In  39»38^  of  the  possible  theoretical  yield  [3'.  From  this 
point  of  view  it  appeared  to  us  expedient  to  study,  under  the  conditions  of 
sex^aration  of  lignin  by  concentrated  sulfuric  acid,  the  behavior  of  separate 
complex  carbohydrates  and  In  the  first  Instance,  of  the  polyuronide  complex. 

This  was  prepared  by  oxidation  of  pure  cellulose  and  analyzed.  Carbon 
dioxide  was  not  produced  by  treating  it  with  1  N  ECl,  and  sulfuric  acid 
decomposed  only  20*92^  of  it  relative  to  the  polyuronlc  acids  In  the  initial 
complex;  however,  it  was  not  possible  to  discover  the  formation  even  of  traces 
of  furfurol.  Thus  79«083&  of  the  polyuronlc  acids  did  not  spilt  off  carbon 
dioxide.  The  determination  of  the  reducing  substances  In  solution  showed  that 

Extraction  of  hemicellulose  from  the  initial  materials  by  immediate  treatment 
with  12^  ECl  was  also  tried  but  It  gave  a  negative  result,  increasing  the  yield 

of  lignin;  wood  26.26,  grass  12.38?  moss  2U.06‘^. _ 

‘  later  study  of  the  lignin  residue  showed  that  a  large  part  of  It  was 

transformed  into  a  state  soluble  in  alkali. _ _ 

The  methylation  was  carried  out  in  a  stream  of  nitrogen  as  proposed,  quite 
correctly,  by  Dragunov,  Zhelakhovtseva  and  Strelkova  [4]. 
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■  *  '  TAEUB  1 


Analytic  data  on  three  types  of  plant 


^  .  ‘^Haine  of  component  parts 

Analytic  data  (in  ^  of 
organic  part  of  the 
plant  materials) 

Wood 

Grass 

Moss 

Hydrolyzed  hy  1  N  ECl . . . 

Substance  hydrolyzed  hy  concentrated  sulfuric. acid 

19. Ul 

55.25 

50.93 

and  reckoned  as  cellulose . . . . 

40.62 

23.25 

15.  i2 

Unhydrolyzed  residue  (lignin) . . . . 

25.48 

20.95 

17.82 

Reducing  substance  reckoned  as  glucose . 

18.77 

29.61 

32.88 

Pentosans^ . . . . . - . . 

9.65 

2.99 

24.48 

15.20 
11.80  . 

Uronic  acids* . . 

7.03 

TABIZ  2 


Results  of  analysis  of  the  residue  from  hydrolysJ 

Ls  with  : 

1  N  ECl 

•  *  '  ■ 

Name  of  component  i>art8 

Analytic  data  (In  36  of 
organic  i)aLrt  of  the 
plant  materials) 

.  V  ..  •.  ^ 

Wood 

Grass 

Moss 

V 

Substance  hydrolyzed  hy  I25&  ECl . . . 

Substance  hydrolyzed  hy  concentrated  sulfuric  acid 

and  reckoned  as  cellulose. . . . 

Unhydrolyzed  residue  (lignin) . . . . 

Reducing  substance  reckoned  as  glucose . . 

Pentosans . . . . . . . . . . 

Uronic  acids . . 

54.72 

6.55 

24.86 

3.58 

2.88 

2.76 

15.13 

8.30 

16.56 

12.35 

1.03 

6.12 

12.89 

2.50 

13.49 

3.29 

2.17 

8.26 

TABLE  3 

Coaparative  figures  for  two  preparations  of  grass  lignin 


.  Method  of  hydrolysis  of 
hemlcellulose 

Methoxyl  group  content  ('^  of  the  organic 
part  of  the  lignin) 

Initial 

methoxyl 

Total 

methoxyl 

Methoxyl 

hydroxyls 

SSI9I 

Without  acid . 

With  I23&  acid . 

11.92 

15.66 

32.U3 

20.75 

30.16 

20.73 

2.27 

None 

the  polyuronlc  acids  vere  also  not  hydrolyzed  hy  concentrated  acids,  Because 
they  could  not  he  got  Into  solutions;  the  content  of  uronic  acids  In  the  Initial 
materials  vas  19.69^,  and  the  hydrolyzable  cellulose  was  79»73^»  The  non- 
hydrolyzed  residue  (2O.275&)  agrees  almost  quantitatively  vlth  the  uronic  acids. 

By  analogy  with  these  data  It  might  he  expected  that  In  the  natural  plant 
substance  the  polyuronlc  acids,  If  not  all  then  at  least  in  large  part  could  not 

The  pentosans  here  and  further  on  are  shown  calculated  as  ui’onlc  acids  [3l».  _ 

The  uronic  acids  vere  determined  in  the  Initial  materials  hy  the  method  of 
Tollens  and  Lefevre.  • 
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TABI£  V 


Content  of  pentosans  and  uronlc  acids  In  lignin  residues 


.  .  Fame  of  component  part 

Content  (in  ^  of  the 
organic  part  of  the  plant 
.  materials) 

•  r 

Vood  j 

Grass  j 

Koss 

Pentosans. . . . . . 

0.90  i| 

0.99  i 

Hone  I 

0.37 

Uronlc  acids.... . . . 

2.07  i 

2.49 

be  hydrolyzed  by  concentrated  sulfuric  acid  and  consequently  that  the  acid 
cethod  of  analysis  vould  lead  to  an  error  that  could  not  be  overlooked.  We 
restrain  ourselves  from  a  final  Judgment  of  the  behavior  of  pentosans  since 
ve  can  only  adduce  the  determination  of  cellulose  In  grass  by  the  method  of 
Kurshner  and  Hoffer  [3]  giving  Its  quantity.  Including  that  of  any  Impurity,  as 
23. 9^^,  and  the  general  quantity  of  substance  hydrolyzed  by  sulfuric  acid  as 
22,25^.  These  data  Indicate  that  pentosans  together  vith  cellulose  are  not 
hydrolyzed  but,  like  uronlc  acid,  go  into  the  lignin  residue. 

-  While  this  explanation  of  the  role  of  difficultly  hydrolyzable  hemlcellulose 
does  enable  the  accuracy  of  analysis  of  plant  substances  to  be  Increased  to  some 
extent,  this  cannot  be  done  by  hydrolysis  vlth  dilute  acid.  Examination  of  the 
data  In  Table  1  already  shows  that  the  quantity  hydrolyzed  by  1.0  N  HCl  agrees 
vith  the  figure  for  reducing  substance  only  in  the  case  of  plnevood,  while  in 
the  grass  and  particularly  in  the  moss  the  differences  were  and  18.5^ 

respectively.  This  was  without  doubt  known  earlier,  but  conclusions  have  not 
been  drawn  from  it  so  far.  Ve  suggest  that  it  may  be  attributed  to  two  causes: 

1)  together  vith  carbohydrates,  non-reducing  products  are  also  present  in 
solution;  and  2)  on  hydrolysis  the  carbohydrates  partially  lose  their  reducing 
power  and  are  therefore  missed. 

Ve  think  that  the  second  cause  gives  the  larger .effect  because  it  is 
difficult  to  suppose  that  in  the  moss,  for  example,  there  is  up  to  l8^  of  an 
unobserved  compound  of  another  class.  Independently  ve  found  other  bodies 
present,  e.g.,  nitrogenous  and  tanning  substances,  a  large  part  of  which  could 
be  extracted  with  water,  for  example  IO.765&  in  the  moss.  Hence  they  can  hardly 
comprise  a  fifth  of  the  whole  organic  mass  of  the  plants. 

If  the  carbohydrate  complex,  by  changing  its  character,  can  transform  into 
soluble  products,  this,  to  our  way  of  thinking  does  not  exclude  the  possibility 
of  converting  it  to  an  insoluble  substance.  To  elucidate  this  matter  ve  resorted 
as  described  above,  to  exhaustive  methylatlon  of  the  grass  treated  with  organic 
solvents  and  water,  l.e,,  containing  practically  all  the  carbohydrate  complex 
and  lignin.  Afterwards  the  product  was  subjected  to  successive  hydrolysis  by 
1  N  ECl  and  concentrated  sulfuric  acid.  The  methylated  lignin  thus  separated 
was  compared  vith  lignin  obtained  by  the  stepwise  hydrolysis  of  the  original 
material,  but  methylated  after  separation.  If  the  carbohydrate  complex  did  not 
participate  in  the  formation  of  the  lignin  residue  then  both  preparations  should 
be  the  same. 

This  method  was  used  earlier  by  Vener  in  working  on  lignins  of  certain 
woods  vith  the  c3ln  difference  that  the  products  were  subjected  to  methylatlon 
after  repeated  treatment  with  dilute  acids,  l.e.,  when  freed  from  the  main 
bulk  of  the  hemlcellulose  [5].  The  preparations  thus  obtained  corresponded 
completely  in  their  total  methoxyl  content,  for  example:  in  pine  25. 05  and 
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25. 25^;  in  birch  28.08  and  28. 08^;  In  lime  29.19  and  29.73^.  From  these  data 
It  can,,  however,  only  be  concluded  that  the  products  of  hydrolysis  of  cellulose 
under  the  experimental  conditions  were  not  converted  to  a  lignin  residue,  but 
nothing  can  be  said  about  the  Importance  of  hemlcellulose.  The  sample  of  grass 
subjected  In  oto*  experiments  to  methylatlon  and  subsequent  hydrolysis  contained 
(in  i>  of  Its  organic  part);  C-68.56,  H-5.91  and  total  methoxyl  22.05^.  But  the 
analysis  .of  this  same  lignin  methylated  after  Its  separation  gave  (in  j>)  C  67.16^ 

H  6.60  and  total  methoxyl  32.43.  The  first  preparation  showed  from  the  figure 
for  its  reactive  groups  a  closer  slm^arlty  to  the  lignin  which  was  obtained  •  - 
after  complete  removal  of  the  hemlcellulose  than  to  ordinary  lignin  (Table  3). 

Thus  where  the  hydroxyl  group  was  converted  to  methoxyl  It  can  be  asserted  • 
that  the  condensation  of  the  carbohydrate  complex  Is  strongly  Inhibited  while 
when  the  carboxyl  and  hydroxyl  groups  are  free  this  does  not  happen; 
consequently,  the  analytic  data  confirms  the  partial  conversion  of  the 
carbohydrate,.  In  hydrolysis  by  dilute  acid.  Into  a  lignin  residue,  thus  raising 
the  yield  of  the  latter.  This  throws  doubt  on  all  determinations  of  lignin  In 
plant  substances  carried  out  by  one  or  other  of  the  acid  methods  and  requires 
the  selection  of  an  entirely  different  method  of  separating  the  carbohydrate 
complex,  particularly  uronlc  acids  and  pentosans,  from  lignin.  We  noted  above  a 
method  of  extraction  with  alkali  solution.  We  tested  this  only  on  one  sample, 
the  grass.  ••  .V  . 

The  grass,  preliminarily  treated  with  benzene,  ethylalcohol  and  water,  was 
heated  for  eight  hours  on  a  boiling  water  bath  with  O.5  N  solution  of  caustic 
soda  In  a  stream' of  nitrogen.  The  residue  was  filtered  off  and,  after  ' 

washing  with  water  and  roughly  drying,  it  was  subjected  again  to  treatment  with 
alkali.  .  . 

Altogether  40.I65&  vent  Into  solution  and  43-85^  did  not  dissolve,  percentages 
based  on  the  organic  part  of  the  grass.  14.90^  of  cellulose  was  found  In  this 
residue  along  with  4.355^  lignin  containing  l8.79^  methoxyl  group.  After 
concentrating  the  alkali  solution  In  a  stream  of  nitrogen,  acidifying  it  with 
hydrochloric  acid,  and  heating,  a  residue  separated  out  which  wa.s  afterwards 
purified  by  dissolving  it  again  in  alkali,  precipitating  It,  and  washing  It  with 
water.  Its  yield  was  9.5^?^  of  the  organic  part  of  the  original  material  and 
Its  elementary  composition  was  C  62.35^  H  5.4359.  Methoxyl  was  entirely  absent. 

The  latter  circumstance  does  not  permit  this  deposit  to  be  considered  as 
grass  lignin,  which  contains  11. 9253  methoxyl,  the  more  so  as  It  was  thrown  down 
only  as  a  result  of  heating  the  acidified  solution,  in  other  words  after 
hydrolysis  of  the  hemlcellulose.  Apparently  it  was  also  the  product  of  the 
carbohydrate  complexes  which  are  formed  In  the  acid  method  of  sepairatlng  lignin 
of  some  plants  as  its  main  component  part.  .  ^ 

SUMMARY 

1)  Hydrolysis  of  plant  substances  by  1  N  HCl  did  not  extract  from  them  either 

all  the  pentosans  or  all  the  uronlc  acids.  .  . 

2)  The  lignin  residues  separated  by  concentrated  mineral  acids,  likewise 

still  contained  undecomposed  pentosans  and  uronlc  acids,  the  presence  of  which 
cay  be  explained  by  the  existence  in  the  lignin  molecule  of  one  or  even  several  . 
carboxyl  groups. _ 

^ j  The  possibility  of  saponification  of  esters  In  the  presence  of  sulfuric  acid 

was  taken  into  consideration,  and  the  preparation  obtained  was  again 

methylated  with  methanol  after  hydrolysis,  wherein  saponification  was  not  observed. 
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3)  It  has  heen  shown  that  about  of  the  polyuronide  complex,  as  exempli¬ 
fied  hy  that  obtained  by  the  oxidation  of  cellulose,  is  not  decomposed  by  . 
concentrated  sulfuric  acid  under  the  conditions  where  'lignin  Is  separated  with 
elimination  of  C02* 

h)  By  methylating  lignin  before  and  after  separating  it  from  plant 
substances  it  was  shown  that  hemicellulose  takes  part  in  the  formation  of  the 
lignin  residue  during  its  hydrolysis  by  1  N  ECl. 

5)  The  Isolation  of  the  lignin  by  extracting  it  with  alkali  is  also  connected 
with  the  acid  hydrolysis  of  the  carbohydrate  complex,  which  throws  doubt  on 

the  natural  character  of  the  product  separated. 

6)  It  has  been  shown  that  0.5  H  caustic  soda  extracts  from  the  grass 
(Eriophorum  Vaglnatum)  a  product  which  is  closer  in  elementary  composition  to 
lignin  but  is  completely  deficient  in  methoxyl;  a  large  part  of  it  remains 
Insoluble  in  alkali. 
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viscosm  of  hjWWX/Ens  and  of  some  halides 


t-  Li  * 


D,  A.  Pospekhoy 


In  previous  papers  [1,2]  we  have  examined  the  dependence  of  viscosity  on 
temperature  (in  the  liquid  state)  for  organic  compounds  belonging  to  a 
homologous  series.  It  was  shown  that  for  substances  belonging  to  seven 
homologous  series  the  log  of  the  viscosity  was  directly  proportional  to  the 
reciprocal  of  the  absolute  temperature,  which  Indicates  that  the  relationship 
is  exponential.  Extrapolation  on  the  high  temperature  side  showed  that  the  lines 
relating  to  members  of  one  and  the  same  series  practically  Intersected  at  the  same 
point,  the  position  of  which  was  characteristic  for  the  given  homologous  series. 

The  Indicated  correlation  could  not  be  applied  to  the  first  one  or  two  members  of 
the  series.  •  -  •  . 

...  ..  .  . ^  ^  It.  seemed  Interesting  to 

examine  the  existence  of  such  a 
correlation  among  Inorganic 
substances.  . 

.As  can  be  seen  from  Figure 
1  the  correlation  described  Is 
observed  In  liquid  chlorine,  .  - 
bromine  and  Iodine.  The  value 
of  log  71  Is  plotted  on  the 
ordinate,  17  =  viscosity  in 
poises;  the  value  of  1000/T  Is 
plotted  on  the  abscissa  where 
T  =  absolute  temperature.  The 
point  of  intersection  of  the 
exponent  obtained  by  extrapola¬ 
tion  occurs  at  about  IOOO/T  = 

«  0.23  which  corresponds  to  4070*, 
As  In  the  case  of  the  homologous 
series  of  organic  compounds, 
this  point  cannot  be  given  a 
direct  physical  meaning  because 
It  lies  higher  than  the  critical 

temperature  of  the  least  volatile  halogeniodlne  (critical  temperature  553*  [5]). 
Generally  the  position  of  such  points  characterizes  the  interconnections  of  the 
temperature  co-efficients  of  viscosity  of  the  corresponding  substances. 

We  have  not  found  data  In  the  literature  about  the  viscosity  of  liquid 
fluorine,  hence  we  cannot  decide  how  the  plot  of  log  vs  1/T  for  this  substance 
lies  on  the  graph. 

On  Figure  1  also  the  graph  of  log  0^  vs  1/T  for  ammonia  has  been  drawn  for 
comparison;  as  can  be  seen,  the  exponent  for  ammonia  quite  clearly  deviates  from 
those  for  .the  halogen. 

Let  us  examine  further  the  dependence  between  these  parameters  for  silver- 
chloride,  -bromide  and  -iodide  (Figure  2).  As  can  be  seen  the  picture  here  is 
different  from  that  with  the  liquid  halogens.  The  plot  for  silver  iodide  is 
curvilinear;  the  dependence  for  silver  chloride  and  bromide  is  linear.  Thus  ^ 
there  is  no  basis  for  speaking  of  a  correlation  characteristic  of  the  viscosities 
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Flg.l.  Dependence  of  the  log  of  the  viscosity 
on  the  reciprocal  absolute  temperature  for 
liquid  chlorine,  bromine,  iodine,  and  ammonia. 
A  =  Log'Tj;  B  =  IOOO/t.1  =  Iodine;  2  =  bromine; 
3  *=  chlorine  [4);  4  =  ammonia  [5]» 


’•^4' 


of  Bearers  of  one  and  the  Bane  homologous  series. 

What  has  been  said  cay  be  put  In  this  vay.  Inasfar  as  the  data  presented  • 
by  us  In  the  previous  papers  [1^2]  indicates  the  existence  of  a  characteristic  . 
if-  .  .  homologous  series  for  viscosities  then 

the  series  chlorine,  bromine- and 
’  iodine  can  be  considered  as  a  homologous 

series.  On  the  other  hand  the  series 
Z  silver -chloride,  -bromide  and  -iodide 

•  sane  basis  cannot  be  considered 

£2  ^  true  homologous  series.  The 

^  limited  quantity  of  Information  about 

the  viscosity  of  inorganic 
substances  in  the  liquid  state  which 

u-  ^  is  to  be  found  in  literature  makes 

.  .  -  .  ,  it  impossible  to  examine  this  question 

in  more  detail. 

tI - 1 _ l_i _ u.  LITERATURE  CITED 


Fig. 2.  Dependence  of  the  log  of  the 
viscosity  on  the  Inverse  absolute 
temperature  for  silver,  chloride, 
—bromide  and  lodidb. 

A  ^  log-n;  B  s  lOOO/T.  1  =  Silver 
iodide;  2  =  silver  bromide; 

3  *  silver  chloride  [6]. 
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effect  of  temperature  m  the  hiocess  of  ion  exchange  on  synthetic  cationites 

^  .  E.  S.  Peremyslova  and  R.  P.  Stashko  V 

In  the  literature  there  Is  hardly  any  specialized  vork  devoted  to  the  study 
of  the  effect  of  tenperature  on  ion  exchange.  Some  information  about  the 
increase  of  the  exchange  capacity  of  synthetic  resins  at  raised  temperatures  is 
given  by  Smirnov  [1]  ( sulf ophenolic  resin  of  the  type  Vofatlte  P  and  Cationite 
PFSK);  Strelcher,  Pearson  and  Bowers  [2]  came  to  the  same  conclusions  and 
explained  this  by  the  fact  that  at  raised  temperatures  the  viscosity  of  water  is 
reduced  and  its  ability  to  penetrate  Into  the  pores  of  the  ionites  Increases. 
However  it  is  not  known  from  these  papers  how  the  exchange  capacity  of  the 
ionites,  total  or  ‘apparent*.  Increases  with  Increase  of  temperature;  if  an 
Increase  of  temperature  exerts  its  effect  by  changing  the  rate  of  diffusion  of 
ions  from  the  solution  into  the  cationite  this  should  be  referred  to  as  a 
raising  of  the  'apparent'  exchange  capacity,  while  if  temperature  also  causes 
a  change  in  the  degree  of  dissociation  this  would  entail  a  change  of  the  total 
exchange  capacity.  To  elucidate  this  we  carried  out  experiments  in  which  the- 
effect  of  temperature  on  the  'apparent'  exchange  capacity  of  cationites  was  .  . 
determined  by  dynamic  methods. 

0.01  N  solutions  of  CaClz  and  KCl  were  passed  through  a  layer  of  hydrogen 
cationite  (20g),  placed  in  a  tubular  glass  filter,  at  3n/hour  at  constant 
temperatxire .  The  acidity  of  the  filtrate  was  determined  and  the'hpparent" 
exchange  capacity  was  calculated  from  the  data  obtained. 

Experiments  were  carried  out  at  temperatures  of  2,15  and  75*.  A  sulfo- 
phenolic  resin  of  the  Vofatlte  P  type  with  the  active  sulfo  groups  located 
mainly  in  the  side  chains,  and  a  jjaraphenosulfonlc  acid  cationite  (PFSK)  with 
the  active  sulfo  groups  cainly  in  the  nucleus,  were  examined.  The  results 
of  the  experiment  are  set  forth  in  Table  1. 

TABLE  1 


Temperature 

(*c) 

i 

i Cationite 

1 

1 "  Apparent’’  exchange  j 

I  capacity  (in  mg-ea/g) 1 

Ratio  of  exchange 
capacity  of 

1 

1  j 

K* 

cationites 

2  , 

f! Vofatlte  P  .... 

.  0.92 

0.78 

I.l8 

L  ! Cationite  PFSK 

.  1-57  j 

1.50 

1.20 

15 

f ! Vofatlte  P  .... 

0.80 

1.19 

1  jcatlonlte  PFSK 

1.5>. 

1.19 

75 

r -Vofatlte  P  .... 
L  'Cationite  PFSK 

.....  1.05  i 

. 1  1.70  1 

0.90 

1.44 

. 

1.17 

1.18 

The  data  set  out  indicates  that  the  "  apparent"  exchange  capacity  of  ionites 
depends  on  the  temperature,  increasing  proportionately  to  it.  Apart  from  this  it 
follows  from  Table  1  that  the  ratio  of  the  exchange  capacities  of  cationites  for 
Ca^  and  K  remain  constai.t  at  any  temperature  in  the  temperature  region  Investi¬ 
gated.  This  means  that  the  character  of  the  change  of  exchange  capac¬ 
ities  of  cationites  is  identical  with  respect  both  to  Ca^^  and  . 
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To  explain  this  change  of  the  *^pparent”  exchange  capacity,  experiments 
under  static  conditions  vere  carried  out  to  elucidate  the  effect  of  temperature 
on  the  rate  of  Ion  exchange. 


1  g  of  the  hydrogen  cationite  vas  kept  In  contact  with  500=^1  of  0.01  H 
solutions  of  CaCl2  and  NaCl  at  constant  temperature.  After  a  definite  Interval 
of  time  the  acidity  of  the  filtrate  vas  determined,  on  the  hasls  of  which  the 
exchange  capacity  of  the  cationite  was  calculated. 

The  experiments  vere  performed  at  15  and  75*  •  The  Ionite  employed  vas  a 
resorcyl  cationite  with  active  carboxyl  group,  and  the  cationite  PSFK. 

The  results  of  experiments  are  set  forth  in  Table  2.,  from  which  It  follows 
that  temperature  has  an  effect  of  the  kinetics  of  the  Ion  exchange  processes; 
raising  It  promotes  the  more  rapid  attainment  of  equilibrium.  This  Is  explained 
by  an  Increase  of  the  rate  of  diffusion  of  ions  from  the  solution  Into  the 
cationite  when  the  temperature  Is  raised.  The  effect  of  temperature  Is  partic¬ 
ularly  marked  on  the  weakly  acid  cationites  (resorcyl  cationite). 


TABLE  2 


Effect  of  temperature  on  the  rate  of  ion  exchange  under  static  conditions 


Time  of  con¬ 
tact  of 
cationite 
with  solution 

Exchange  capacity  .1 
(in  mg.eq./l)  ! 

Time  of  con¬ 
tact  of 
cationite  ’ 
with  solution 

j  Exchange  capacity. 

(in  Eg.eq./l) 

Ca‘ 

2+ 

Na"*" 

Na**" 

15  *0 

l15*C 

75  "c 

'15*C  I 

7?’c 

15  *c 

^75*C 

Resorcyl 

cationite 

! 

Cationite 

PSFK 

10  minutes 

0.057 

0.085 

0.085 

0.114 

10  minutes 

0.40 

0.70 

0.70 

0.70 

30  •• 

0.057 

0.114 

0.114 

0.142 

30  " 

0.68 

1.06 

0.94 

0.60 

1  hour  '  • 

0.057 

0.114 

O.llU 

0.171 

1  hour 

0.88 

1.10 

1.00 

1.00 

2  hours 

0.085 

0.171 

0.142 

0.171 

2  hours 

1.25 

1.25 

1.10 

1.10 

.  3  hours 

0.114 

0.226 

0.142 

0.171 

3  hours 

1.40 

1.40 

1.10 

1.10 

4  hours 

0.114 

0.25T 

0.142 

0.171 

4  hours 

1.40 

1.40 

1.10 

1.10 

5  hours 

0.114 

0.285 

0.171 

0.171 

1  5  hours 

1.40 

1.4o 

1.10 

1.10  • 

6  hours 

0.142 

0.313 

0.171 

0.171 

1  6  hours 

1.4o 

1.40 

1.10 

1.10 

1  day 

0.142 

0.313 

0.171 

0.171 

1  1  day 

1.40 

1.4o 

1.10 

1.10 

TABLE  3 

Effect  of  temperature  on  Ion  exchan under  static  conditions. 


Hame  of  cationite 


Resorcyl 
Vofatite 
PSFK  .. 


1  Equilibrium  exchange  capacity  (in  mg. eq ./liter ) 

Na^ 

2®  C 

15*  C 

75*  C 

2®  C 

15*  C 

75*  C 

0.09 

0.99 

1.4 

0.12 

0.99' 

1.4 

0.3 

0.99 

1.4 

0.12 

0.72 

1.1 

0.12 

0.72 

1.1 

0.12 

0.72 

1.1 

Experiments  were  also  carried  to  elucidate  the  effect  of  temperature  on 
the  equilibrium  exchange  capacity  of  cationites.  They  vere  made  with  1  g  of 
hydrogen-cationite  in  0.01  N  solutions  of  CaCla  and  NaCl  at  temperatures  of  2,15 
and  75®.  The  results  are  In  Table  3. 


The  data  of  Table  3  Indicates  that  the  equilibrium  exchar-ge  capacities  for 
such  cationites  as  Vofatite  P  and  Cationite  PSFK,  l.e.  cationites  having  fairly 
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strong  acid  properties,  does  not  depend  on  temperature* 

The  equlllhrlim  exchange  capacity  vlth  respect  to  Ha^  of  resorcyl  cationite, 
vhlch  Is  veakly  acid  likewise  does  not  depend  on  temperature*  For  Ca^^  such 
a  dependence  Is  found  and  Increases  the  equllihrlum  exchange  capacity  of 
cationite  proportional  to  the  rise  of  temperature* 

This  may  he  explained  hy  an  Increase  In  the  diameter  In  the  micropores 
of  the  resorcyl  cationite  at  elevated  temperatures  and  consequently  hy  an  In¬ 
crease  of  the  numher^of  micropores  available  for  penetration  hy  the  Ions  of 
calcium.  For  the  Ra  Ions  temperature  Is  not  Important,  since  It  has  a  radius 
of  0.93  A  l.e.,  less  than  that  of  the  Ca^^  Ion  (I.06  A)  and  therefore  all  the 
micropores  of  the  cationite  are  accessible  to  the  Ra^  Ions  at  all  temperatures* 

An  exactly  slmll^ir  explanation  can  he  advanced  for  the  fact  that  at 
temperatures  lower  than  15*>  the  equilibrium  exchange  capacity  for  Ca  Is  less 
than  that  for  Ra^  l.e*  Ca^^  and  Ra"^  change  places  In  the  exchange  order*  Evidently 
the  exchange  capacity  for  Ca^^'  decreasing  with  decrease  of  temperature  becomes 
lower  than  the  exchange  capacity  for  Ra^  which  does  not  depend  on  temperature. 
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METHOD  FOR  CALCULATING  MATERIAL  BALANCES  OF  CYCLIC  .?BOCESSES\ 


■  .*  D.A.EpsHteln.  ...*••  *  . 

Simple  two-vay  Irreversible  reactions  are  as  a  rule  carried  out  in  Industry 
in  a  cyclic  manner  [1],  The  calculation  of  the  material  balance  for  a  circu¬ 
lating  process  re;iulres  the  use  of  a  special  method,  vhich  is  described  here  vith 
reference  to  the  synthesis  of  ammonia. 

The  flow  sheet  for  the  process  Is  shown  In  Fig.  1,  and  a  diagram  of  the 
material  balance  In  Fig.  2.  The  method  of  calculation  applies  to  the  circulating 
process  and  also  to  the  other  scheme.  The  calculation  Is  ceurrled  out  for  one  mol 
of  product  In  molar  units.  All  material  flows  are  taken  Into  account  (cf.(2]). 


;  A  V  •• 


Fig.  1.  Flow  sheet  for  the  synthesis 
of  ammonia.  1  -  High  pressure  com¬ 
pressor;  2-  pump;  3  -  oil  separator; 

4  -  filter;  5  -  convertor;  6  -  water 
cooler;  7  -  sepaurator;  8  -  circulation 
of  gas;  9  -  ammonia;  10  -  water;  11  - 
-  fresh  gas. 


Fresh  nitrogen-hydrogen  mixture 
of  stoichiometric  composition,  con¬ 
taining  known  quantities  of  inert 
gases  (argon,  methane,  etc)  is  mixed 
with  the  circulating  gas.  The  latter 
contains  a  definite  quantity  of  Inert 
gases,  fiunmonla,  and  a  stoichiometric 
mixture  of  nitrogen  and  hydrogen. 

The  gas  mixture  enters  the  converter 
In  which  ammonia  Is  synthesized  and 
passes  out  of  It  Into  the  water  cooler 
and  separator.  Here  ammonia  Is  sep¬ 
arated  together  with  gases  soluble 
In  It:  nitrogen,  hydrogen,  argon, 
methane.  A  portion  of  the  gas  mixture 
leaving  the  separator  Is  returned  to 
.the  system  In  order  to  maintain  a 
constant  concentration  of  Inert  gases 
In  the  cycle;  the  main  quantity  Is 
returned  by  the  circulating  pump  to 
the  converter. 


We  use  the  following  symbols:  H  =  mols  of  mixture  or  of  mixture  component; 
y  =  mole  fraction  of  component  In  mixture;  n  =  solubility  of  gas  In  liquid  ammonia 
In  moles/mole-  The  symbols  for  denoting  gas  mixtures  and  substances  are;  m  - 
»  stoichiometric  mixture  of  hydrogen  and  nitrogen  (3^2  +  ^2))  i  =  inert  gases 
(a,  CH4,  etc);  a  =  ammonia.  The  gas  streams  are  numbered  as  shown  in  Fig.  2. 

For  denoting  the  number  of  moles  and  the  mole  fractions  of  any  substance  In 
a  corresponding  gas  mixture  we  use  the  following  Index  system;  the  upper  Index 
Indicates  the  substance,  the  lover  Index  the  number  of  the  gas  stream.  For  example; 
H2  =  number  of  moles  of  ammonl  .  In  the  circulating  gas,  fraction  of  the 

stoichiometric  mixture  of  hydrogen  and  nitrogen  In  a  fresh  gas  and  so  on. 

The  Initial  data  for  the  calculation  are  the  following; 

(a)  Composition  of  the  fresh  gas;  remainder  (Yi^=  stoichio¬ 

metric  mixture  of  nitrogen  and  hydrogen; 

•  (b)  Composition  of  circulating  gas:  y2^f  remainder 

stoichiometric  mixture  of  nitrogen  and  hydrogen; 

Communication  III  of  a  series  on  *’  Scientific  Basis  for  the  Design  of  Chemical 
-  Technol o,7ical  Processes.  " 


(c)  Ammonia  after  contact:  Ya  niole  fraction. 

It  Is  required  to  calculate  the  quantity  and  composition  of  all  material 

flows. 

A  table  of  material  balances  of  the 
converter  for  the  synthesis  of  ammonia  is 
cade  out.  On  the  materials  -  supplied  side 
ve  calculate  sepeirately  the  streams  of 
fresh  and  circulating  gases.  In  the  form¬ 
ation  of  one  mole  of  ammonia  the  number  of 
coles  of  gas  mixture  diminish  by  one. 

Since  1  No  Ya  noles^of  ammonia  are 
formed,  of  which  No  Va  moles  are  lost  In 
the  product  gases,  then  the  decrease  In 
mole'  number  Is; 

Bi  +  Na  “  N4  *  1  +  No  Ya^ 


Fig.  2,  Diagram  of  material 
balance.  A  -  synthesis  converter; 

B  -  cooler  and  separator.  1  - 

-  fresh  gas;  2  -  circulating  gas; 

3  -  gas  entering  converter;  4  - 

-  gas  leaving  converter;  5  -  liquid 

Since  the  quantity  of  Inert  gases  ammonia  and  gases  dissolved  In  It; 

entering  the  cycle  with  the  fresh  gas  6  -  product  gases, 

ought  to  be  equal  to  the  quantity  of 

inert  gases  leaving  the  cycle  with  the  product  gases  and  the  liquid  ammonia  In 
which  they  axe  dissolved; 


TABLE 

Material  Balance  of  Ammonia  Converter  for  one  mol  of  Ammonia 


Consumed 


Number  of 
moles 


Number  of 
moles  _ 


N itr ogen-hydr ogen 
mixture  . 

Argon  . . 1 . 

Methane  . 


N 1 trogen -hydr ogen 
mixture  . 

Argon  . 

Methane  . 

Ammonia  . 


Ajrgon  . 
Methane 
Ammonia 


Circu¬ 

lating 

gas 


Total 


Total 


The  nitrogen -hydrogen  mixture  entering  the  converter  Is  consumed;  1)  In  formation 


loco 


i 


of  ammonia,  to  vhlch  figure  also  must  ibe  added  the  loss  vlth  the  product 
gases;  2)  hy  solution  In  liquid  ammonia;  and,3)  by  loss  In  the  product 
gases.  Hence,  the  following  equation  for  the  nitrogen-hydrogen  mixture: 

.  •  ■  •-  'Bi  Vi"  -  2  +  n"  +  Ho  (  Y2"  -  2  Va*)- 


(3). 


where  2  »  number  o£  moles  of  mixture  required  for  reaction  to  produce  one  mole 
of  ammonia;  Nq  2^2  ~  number  of  moles  of  mixture  consumed  in  the  formation  of 

ammonia  lost  with  the  product  gases.  If  the.  solubility  of  nitrogen  and  hydrogen 
differs  considerably  under  the  conditions  given  then  n  changes  to  the  sum" 
nHa  + 


The  acmonla  balance  In  the  converter  has  the  form: 

Na  Vz*  +  1  +  Ns  Xa*  =  N4  Yi*. 

Solving  Equations  (2)  and  (3)  ve  find  that  Hs  the  number  of  moles  of  gas 
produced  is: 


Ns 


•  (2  f  n“)  Vi*  -  n^  >i" 


.  •  ^  VI"  ■  Vi^  (  Va"  ♦  2te“).  (5) 

knowing  Hs,  ve  determine  the  quantity  of  fresh  gas  Hi  from  Equation  (2) 

Va®  +  2Ya* 

(6) 


2  +  n 


Hi 


+  Ns 


m 


Vi  Yi 

The  quantity  of  circulating  gas  Ha  Is  calculated  from  Equation  (4)  and  (l): 


•  (1  +  Ha  Va*)  {1  +  v/j  -  Hi  Y**  . 

Ha  - — . 

V**  -  ya"  (7) 

The  data  obtained  are  sufficient  for  setting  up  balances  In  all  cyclic  apparatus 
and  for  the  determination  of  the  composition  of  all  gas  streams. 
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.  SLECTROLYSIS  OF  ZIHC  SALTS’ 


H.T. Kozlovsky  P.P  Tsyb  and  E.I.Ruzlna 
-  .-S.M.Kirov  lfezakh  State  University 


A  considerable  number  of  Investigators  have  studied  the  elctrolytlc  ; 

deposition  of  zinc  at  a  mercury  cathode  and  have  studied  the  properties  of 
Its  amalgams  [1-^1  •  Hovever,  In  this  research  on  the  electrolysis  of  zinc 
salts,  the  effect  of  different  factors  on  the  cathode  and  anode  potentials 
has  not  been  studied  In  detail.  Our  vork  Is* an  extension  of  our  Investigation  of 
electrolysis  vlth  a  mercury  electrode  and  has  been  devoted  to  an  elucidation  of 
the  effect,  on  the  'cathode*  potential  in  the  deposition  of  .  i 

zinc  and  on  the  anode  potential  In  the  decomposition  of  amalgams,  of  the  same 
factors,  whose  effect  was  studied  In  the  previous  Investigations, 

The  set-up  for  c^rylng  cut  the  experiments  was  described  In  our  first  * 
communication,  so  that  here  we  Unit  ourselves  only  to  a  short  record  of  the 
experimental  data.  '' *  ^  "  '  *  .  •  *  :* 

.  EXISIIMSNTAL  - '  -  - 

The  .zinc  sulfate  which  was  used  for  carrying  out  the  experiment  was  examined 
spectrographlcally  and  shown  to  contain  only  very  small  quantities  of  lead, 
copper,- Iron,  manganese  and  calcium,  below  the  limits  of  chemical  determination. 

Zinc  was  determined  in  solution  with  potassium  iodate  after  precipitating  Its 
mercurithiocyanate  salt  [5]*  Experiments  on  the  complete  preparation  of  zinc 
from  the  electrolyte  In  electrolysis  were  made  after  reaction  with  potassium 
ferrocyanlde  [6],  .  -  .............  .  ^ 

Initially  experiments  were  carried  out  to  elucidate  the  dependence,  of  the  . 
cathode  potential  In  the  electrolytic  deposition  of  zinc  and  of  the  anode 
potential  in  the  electrolytic  decomposition  of  the  amalgam  obtained,  on  the 
concentration  of  zinc  In  the  amalgam  at  different  current  densities  and  different' 
temperatures.  For  this  purpose  a  solution  of  zinc  sulfate,  of  known  concentration 
was  electrolyzed  and  in  this  way  amalgams  containing  0.1,  1,  2,  4,  8  and  12  g-atoms 
of  zinc  per  liter  were  obtained;  then  measurements  of. the  cathode  potential  were 
made  and,  after  reversing  the  current  the  anode  potential  was  measured.  The 
electrolyte  for  these  measurements  was  a  solution  of  zinc  sulfate  containing  0.1 
g.lon  of  zinc  per  liter  and  g-equlv.  of  sulfuric  acid.  The  experimental  data  are 
given  in  Table  1.  ... 

It  emerges  from  the  data  in  Table  1  that,  as  the  concentration  of  zinc  In  . 
the  amalgam  Increases,  both  the  cathode  and  anode  potentials  become  more  negative 
so  that  at  zero  c.d.  the  potential  dlffe'rence  between  an  amalgam  containing  0.1 
and  one  containing  12  g.atom  of  zinc  per  liter  of  mercury  was  0.05  -  0.06  V, 
l.e.,  approaches  the  .theoretical  value  calculated  from  the  Nernst  formula  for 
amalgam  cells:  • 

prp  *  O  1  ■ 

E2  =  El  ~  ^  ^  “  El  0.029  log  =  Ei  -  0.06 

It  should  be  noted  that,  when  the  concentration  of  zinc  In  the  amalgam  Is 
high,  (12  g-atom  per  liter  of  Es)  it  became  more  viscous,  thus  reducing  the 
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surface  of  the  mercury  elec'v;ro(3e  (amalgam  stirred),  and  this  la  its  turn 
caused  an  Increase  In  the  true  current  density.  At  lovei>  temperatures  and 
higher  current  densities  a  large  negative  displacement  of  the  potentials  vas 
observed.  At  a  temperature  of  1[S  -  ,  l.e.,  vhen  the  amalgams  became  less 

viscous,  this  phenomenon  did  not  take  place.  Furthermore,  when  the  anode  vas 
polarized,  the  potential  differences  between -amalgams  containing  0.1  -  (8  g-atom) 
of  mercury  Increased  with  Increase  In  current  density  and  likewise  with  rise  of 
temperature,  which  Is  explained,  on  the  one  hand,  by  an  Increase  of  the  concen- 
‘tratlon  polarization  at  high  current  densities,  and,  on  the  other  hand,  by  a 
direct  solution  of  zinc  In  the  sulfuric  acid  (local  cells  whose  work  Is  not 
recorded  on  the  ammeter),  which  Increases  at  high  temperatures. 

As  the  temperature  rises,  the  concentration  polarization  decreases  and  so 
does  the  hydrogen  overvoltage.  These  factors  promote  a  displacement  of  the 
potential  towards  the  positive  side,  which  Is  observed  In  our  experiments 
(Table  l).  A  large  positive  potential  displacement  at  high  current  densities 
Is  connected,  as  already  noted,  with  a  change  of  the  true  surface  of  the  mercury 
electrode.  ■_ 

As  the  temperature '^Ises,  the  rate  of  diffusion  of  zinc  dissolved  In  the 
mercury  Increases,  because  the  concentration  of  the  atoms  of  zinc  In  the  surface 
layer  of  the  mercury  anode  Increases;  the  potential  of  the  anode  should  become 
more  negative.  However,  It  appears  from  the  experimental  data  that  with  rising 
temperature  the  anode  potential  becomes  more  positive.  The  cause  of  this  may 
be  sought,  as  mentioned  already.  In  a  direct  solution  of  zinc  In  sulfuric  acid. 

The  dependence  of  the  cathode  and  anode  potentials  on  the  current  density 
is  shown  In  Table  1,  With  Increase  in  c.d.  the  concentration  polarization 
Increases  both  for  cathode  and  anode  processes,  which  displaces  the  cathode 
potential  towards-  the  negative  and  the  anode  potential  towsirds  the  positive. 

The  next  experiments  were  carried  out  to  elucidate  the  dependence  of  the  ' 
cathode  andanode  potentials  on  the  concentration  of  zinc  In  the  electrolyte. 

Amalgams  containing  1  g-atom  zinc  per  liter  of  mercury  were  obtained  by  electrolysis 
of  solutions  of  zinc  sulfate  of  known  concentrations,  and  measurements  of  the  cathode 
potential  and  (after  reversing  the  polarity),  of  the  anode  potential,  were  made. 

The  potential  measurements  were  made  In  electrolytes  containing  0.01,  0.05,0.1 
and  0.5  g-lon  of  zinc  per  liter  and  also  containing  1  g-equiv.  of  sulfuric  acid. 

The  data  are  In  Table  2.  J- 

It  follows  from  these  data  that  as  the  concentration  of  zinc  In  the  electrolyte 
Increases  both  the  cathode  and  the  anode  potentials  become  more  positive  In  agree¬ 
ment  with  the  Nernst  formula.  However,  at  a  low  concentration  of  zinc  (O.Ol  g-lon 
per  liter)  a  large  change  of  potential  of  the  cathode  vas  observed  when  the  c.d. 
increased,  which  Is  due  to  concentration  polarization.  .  .. 

Further,  a  series  of  experiments  were  carried  out  to  elucidate  the  effect 
of  the  rate  of  stirring  on  the  cathode and  anode  potentials.  For  this  purpose 
amalgams  were  obtained  containing  1  g-atom  of  zinc  per  liter  of  mercury,  and 
measurements  of  potentials  were  carried  out  at  300,  ^6o  and  5^0  r.p.m.  The 
electrolyte  vas  a  solution  of  zinc  sulfate  containing  0.1  g-ion  of  zinc  and 
1  g-equlv.  of  sulfuric  acid  per  liter.  The  experimental  data  are  shown  In  the 
figure.  .  . 

From  the  course  of  the  curves  showing  the  cathode  and  anode  potentials  as 
a  function  of  the  rate  of  stirring.  It  Is  clear  that  as  the  rate  of  stirring 
Increases  the  cathode  potential  hecomes  more  positive,  and  the  anode  potential 
more  negative.  This  is  explained  by  the  fact  that,  on  the  one  hand,  as  the  rate 
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*  In  the  calculation  of  the  ovirrent  efficiency  the  duration  of  the  elootrolyeie  waa  token  oa 
the  time  olapoin^  until  the  cathode  potential  was  auffioiently  constant* 


of  stirring  Increases  the  concentration  polarization  Is  decreased  due  to  an  ' 
equalization  "both  of  the  concentration  of  Ions  In  the  electrolyte  (close  to 
the  electrode)  and  of  the  concentration  of  metal  In  the  amalgam  and,  on  the  ’ 
other  hand,  as  the  rate  of  stirring  increases,  there  Is  a  certain  Increase  of 
the  surface  of  the  mercury  electrode,  vhlch  causes  a  lowering  of  the  real 
c.d.  This  Increase  should  also  somewhat  lower  the  hydrogen  overvoltage. 

Finally,  experiments  were  carried  out  on  the  electrolytic  deposition  of 
zinc  on  the  mercury  cathode,  and  the  amalgam  obtained  was  decomposed 
electrolytlcally.  For  this  purpose,  200  ml  of  a  solution  of  zinc  sulfate  of 
known  concentration  were  placed  In  a  cell,  the-  electrolyte  being  1  H  in  H2SO4. 
Electrolysis  was  carried  on  until  the  zinc  had  been  completely  extracted  from 
the  solution,  after  which  the  polarity  was  reversed,  the  amalgam  being  made 
the  anode  and  the  platinum  gauze  the  cathode,  and  the  electrolysis  was  carried 
on  until  all  the  zinc  had  been  extracted  from  the  amlgam.  In  the  decomposition 
of  the  amalgam  the  anode  potential  shifted  only  slightly  towairds  the  positive, 
and  only  when  the  zinc  had  practically  completely  transferred  frca  the  amalgam 
to  the  electrolyte,  was  there  a  sharp  rise  In  the  anode  potential  to  values 
necessary  for  the  oxidation  of  mercury.  At  the  same  time  turbidity  appeared  In 
the  electrolyte  as  a  result  of  the  transfer  into  the  solution  of  Ions  of 
univalent  mercury,  whereby  mercurous  sulfate  was  formed  with  the  sulfate  Ions. 

At  this  point  the  electrolysis  was  stopped,  and  the  zinc  in  solution  quantita¬ 
tively  determined.  In  this  way  it  was  established  that  the  yield  cf  zinc  was 
l.e,.  In  the  electrolytic  decomposition  of  the  amalgam  the  zinc  is 
practically  completely  extracted  into  the  electrolyte.  The  experimental  data  on  the 
electrolytic  deposition  of  zinc  on  a  mercury  electrode  are  contained  in  Table  3- 

Flrom  the  experimental  data  in  this  table,  it  Is  seen  that  the  deposition  of 
zinc  under  the  conditions  auoted  occurs  at  a  current  efficiency  of  32-57^-  The  low 
efficiency  is  duo  to  the  simultaneous  discharge  of  hydrogen  and  zinc  Ions. 

SU>C<ARY 

1)  Measurements  have  been  made  to  establish  the  dependence,  of  the  cathode 
potential  in  the  electrolytic  deposition  of  zinc  on  a  mercury  electrode  and  of 
the  anode  potential  in  the  electrolytic  decomposition  of  the  amalgsas  obtained, 
at  different  c.d.'s  and  temperatures:  a)  on  the  concentration  of  zinc  in  the 
amalgam;  b)  on  the  concentration  of  zinc  ions  in  the  electrolyte;  and  c)  on 

the  rate  of  stirring.  .  .  - 

2)  It  has  been  established  that  In  the  electrolytic  decomposition  of  Its 
amalgams  zinc  can  be  almost  completely  extracted  into  the  electrolyte. 
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If  monosaccharides  are  acted  upon  by  concentrated  acids  at  room  temperatures, 
or  by  hot  dilute  acids  along  with  other  products,  compounds  are  formed  which  are 
dark  In  color.  Insoluble  In  water,  and  which  are  called  sugar  huain  substances. 

From  the  literature  [1]  It  Is  known  that  the  humln  substances  form  more 
quickly  with  concentrated  sulfuric  acid  than  with  concentrated  hydrochloric  acid. 
The  reaction  Is  speeded  up  by  raising  the  temperature.  Hahn  [2]  studied  the 
development  of  humln  substances  In  dilute  sulfuric  acid  at  100*.  From  his 
Investigations  It  appears  that  the  production  of  humln  from  galactose  is  somewhat 
slower  and  from  fructose  on  the  other  hand  considerably  quicker  than  from 
glucose.  If  a  monosaccharide  Is  heated  In  water  to  100*  and  higher,  then  the. 
humlnlflcatlon  proceeds  at  some  speed  or  other  even  without  addition  of  acid, 
at  the  expense  of  the  organic  acids  which  appear  as  a  result  of  the  breakdown  of 
the  sugar  [3l-  ’  . . 

Thus  the  data  at  our  disposal  Is  more  qualitative  than  quantitative.  The 
objective  of  our  work  was  to  Investigate  the  rate  of  formation  of  the  sugaur 
humln  substance. 


Method  of  Investicratlon.  The  humlnlflcatlon  of  monosaccharides  by  concentrated- 
acids  was  carried  out  uniformly  as  follows. 


In  several  50  nl  flasks  O.5  g  of  anhydrous  monosaccharides  were  placed, 
and  to  each  10  ml  of  acid  was  added.  After  careful  shaking,  the  flasks  were 
closed  by  glass  stoppers  and  kept  In  a  thermostat  for  a  definite  time.  After^ 
wards  their  contents  were  transferred  quantitatively  to  measuring  cylinders, 
diluted  to  15  times  their  volume  and  allowed  to  stand  for  2k  hours.  The  solutions 
were  then  filtered  through  a  hard  paper  filter;  the  precipitates  on  the  filter 
were  w'ashed  with  distilled  water  and  dried  to  constant  weight  at  110*.  The 
weights  of  the  precipitates  were  expressed  In  ^  of  the  initial  weight  of 
monosaccharide. 

For  carrying  out  the  humlnlflcatlon  by  dllue  acids  5^  solutions  of  the 
monosaccharides  In  acid  of  definite  concentrations  were  prepared.  10  ml  portions 
of  these  solutions  were  heated  in  sirall  closed  flasks  on  a  boiling  water  bath. 
Experiments  at  higher  temperatures  were  made  In  copper  ampoules  on  a  paraffin  bath. 
The  method  otherwise  was  similar  to  that  described  earlier. 

Preliminary  experiments  shoved  that  even  some  minutes  after  dilution  the 
reaction  mixture  formed  rather  coarse,  rapidly-setting  floes  of  humln  substance. 
About  S6~SB^  separated  in  the  first  day  and  the  rest  in  the  course  of  the  following 
7-10  days.  We  restricted  our  attention  to  the  main  bulk  of  the  humln  substance. 

Eirclnlflcatlon  of  monosaccharides  by  concentrated  sulfuric  acid.  The  results 
of  experiment6~at~20*~and~acTTToncentratTons~of~i^IT?7~72~and~7S5S~are  plotted 
graphically  In  Figure  1.  It  can  be  seen  from  them  that  individual  monosaccharides 
form  humln  substances  at  different  rates.  The  yields  vary  as  well.  The  latter 
were  determined  as  described  above.  The  only  difference  was  that  the  reaction  was 
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terninated  vhen  the  inaxlciun  quantity  of  hualn  substance  had  been  obtained*  In 
the  concentration  range  6l.6-783»  H2SO4  and  a  tenperature  of  20-60*  they  were 
practically  constant  for  any  given  ocnosaccharlde  and  equal  to  62.5  for  xylose, 
52.6  for  arablnose,  UU.J  for . galactose  and  32*5^  ^or  glucose:  thus  the 
nonosaccharldes  can  be  grouped  in  the  following  Increasing  order  of  yield  of 
hualn  substance;  •  •  , 


glucose  ^  galactose  arablnose  ^  xylose. 


Flg.l.  Huninif ication  of  conosaccharides  by  cone.  H2SO4. 

A)  Content  of  hucin  substance  of  weight  of  sugar;;  B;  time  in  hours;  C)  time 
in  days.  a)  Xylose;  b)  arablnose;  c)  galactose;  d)  glucose. 

Acid  concentration:  1)  TSjt,  2.)  72^,  3;  6l.6^. 

If  the  data  of  Figure  1  are  Inserted  in  the  formula  for  the  rate  of  a  first 
order  reaction  x  =  a(l  -  e”Kt),  where  a  =  limiting  quantity  of  humln  substance, 
x  =  quantity  of  hunin  substance  formed  during  the  given  time  interval  (both 
expressed  in  ^  of  the  initial  nonosacch^ldesj ,  then  the  calculated  constants  K 
for  sulfuric  acid  of  one  and  the  same  concentration  for  separate  intervals  of 
time  agree  rather  well  with  one  another  (Table).  However,  since  the  yields  of 
humln  substance  from  monosaccharides  differ  greatly,  comparison  of  the  rate  of 
huminlfication  by  comparison  of  the  constants  loses  its  meaning. 

To  asse‘='5  the  relative  rates  of  development  of  humln  substances  we  were 
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limited  to  a  comparison  of  the  quantity  of  them  formed  by  72^  sulfuric  acid  In 
24  hours  from  the  start  of  experiment.  This  quantity  vas:  for  xylose  21.6,  for 
arablnose  4,3#  for  galactose  1.5#  sod  for  glucose  0.5?t. 


The  monosaccharide  Investigated  can  be  arranged  In  the  following  order  of 
Increasing  rate  of  humlnlflcatlon:  .  *  ’ ,  .......  .I 

-Glucose  ^  galactose  ^  arablnose  ^  xylose  “ 

.  ^  "  (1)  (5)  (8.6)  ,  (43.2) 

The  figures  In  brackets  indicate  the  ratios  of  the  quantities  of  humln  substances 
obtained. 

Kinetics  of  humlnlflcatlon  of  xylose  in  sulfuric  acid  of  different  concentration ‘ 
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84.7 

0.0167 

20 

18.0 

13.4 

84.7 

71.3 

0.0174 

30 

25.0 

11.2 

71.3 

60.1 

0.0170 

4o 

30.8 

9.3 

60.1 

50.8 

0.0168 

50 

55.8 

8.0 

50.8 

42.8 

0.0173 

60 

40.0 

6.7 

42.8 

36.1 

0.0171 

70 

43.5 

5.6 

36.1 

30.5 

O.CI68 

Mean . 

0.0170 

5 

13.8 

.  .  78?-‘ 

22.0 

H2SO4 

100.0 

78.0 

0.0496 

10 

24.6 

17.3 

78.0 

60.7 

0.0501  . 

20 

39.5 

23.8 

60.7 

36.9 

0.0497 

30 

48.6 

14.6 

36.9 

22.3 

0.0503 

40 

54.0  ' 

8.6 

22.3 

13.7 

0.0488 

50 

ST.l* 

5.4 

13.7 

8.3 

0.0494 

60 

59.4 

3.2 

8.3 

5.1 

0.0470 

Mean....... 

0.0493 

Consequently  the  pentoses,  especially  xylose#  were  most  quickly  converted  to 
humln.  Galactose  vas  converted  thiree  times  faster  than  glucose.  Comparison  of 
the  yields  of  humln  substances  and  the  rate  of  huniniflcatlon  show  that  the  more 
rapidly  they  were  formed  from  the  monosaccharide  the  larger  their  yield. 

The  effect  of  concentrated  sulfuric  acid  on  the  humlnlflcatlon  of 
cono saccharide  Is  shown  in  Figure  2a  (for  xylose).  Within  the  limits  of 
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60-805&  oonohydrate  the  rate  constant  for  all  monosaccharide  Increases  hy  l.U-1.5 
times  for  every  2^  rise  in  concentration  of  acid.  Figure  2b  shows  the  effect  of 
temperature  on  the  formation  of  humin  substance  (for  xylose  in  sulfuric 
acid).  At  0*  humin  substance  is  not  formed  in  any  notable  quantity.  When  the 
temperature  is  raised  the  reaction  proceeds  energetically.  In  the  temperature 
Interval  of  20-40*  the  rat^  of  constants  K40/K20  fluctuates  from  5  to  7.5;  in 
the  temperature  Interval  40-6b*  the  ratio  Keo/K^o  is  9*^  for  xylose,  14,7  for 
arablnose,  3^.3  for  galactose,  and  4l  for  glucose. 


Pig. 2.  Effect  on  the  huminlflcatlon  of  monosaccharides  of:  a)  concentration 

of  sulfuric  acid;  b)  temperature. 

a)  Rate  constant  for  huninificatlon  (K)  (hour  basis);  B)  H2SO4  (in  5^)5 
C)  temperature  (*). 


Humintflcation  of  monosaccharides  by  concentrated  sulfuric  acid.  The  yield  of 
humin  substances  obtained  with  hydrochloric  acid  is  somewhat  less  than  with 
sulfuric  acid  and  is,  for  example,  47.55^  ^or  xylose  (instead  of  62.5^).  The 
formation  of  humin  substance  from  xylose  and  glucose  in  37-23>^  HCl  at  20*  is.  shown 
In  Figiore  3a.  From  the  curve  in  Flgiires  la,  Ig  and  3a,  we  find  for  xylose  in 
72^  E2SO4  and  24  hours  21.6^,  and  in  37*23^  HCl,  7-5^  humin  substances,  l.e.,  a 
2.4' times  lover  quantity  in  the  latter  case.  In  6l.6^  sulfuric  acid  the 
huniniflcaticn  is  considerably  slower  than  in  37*23^  HCl  (amount  of  humin 
substances  produced  only  I.45&).  If  we  take  into  account  the  dependence  of  the 
rate  of  humlnlfication  by  sulfiuric  acid  established  above,  then  we  can  assume  that 
37-23^  HCl  should  behave  in  the  same  way  as  68.5-69^  H2SO4. 

Sulfuric  and  hydrochloric  acids  would  be  more  correctly  compared  at 
equivalent  concentrations.  At  a  content  of  12.1  g  -  equiv/llter  HCl  the  humlnifi- 
cation  of  monosaccharide  is  6OO-65O  times  as  fast  as  by  sulfuric  acid  of  the  same 
concentration. 


Eunlnlf icatlon  of  monosaccharides  by  dilute  sulfuric  and  hydrochloric  acids. 

It  was  found  that  the  development  of  humin  substances  from  monosaccharides  in 
dilute  acids  at  ICX)*  is  considerably  slower  than  in  concentrated  acid  at  20*.  Thus 
after  24  hours  1  N  sulfuric  acid  produced  4.1^  from  xylose  whereas  725&  acid  prod¬ 
uced  21.6^.  However,  6I.63&  sulfuric  acid  huminiflcates  monosaccharides  2,7 
times  as  slowly  as  1  R  sulfuric  acid.  66^  H2S04  causes  the  monosaccharide  to  form 
humin  substances  at  about  the  same  rate  as  1  N  H2SO4  at  100*. 

As  can  be  seen  from  Figures  in  0.1  N  HCl  the  rate  of  development  of  humin 
substance  Is  approximately  3*2  tines  larger  than  in  0.1  N  H2SO4.  Separate 
experiments  show  that  when  the  concentration  of  HCl  doubles  the  rate  of 


Plg.3.  Rate  of  development  of  humln  substances 

a)  Content  of  hunin  substances  (in  ^  by  weight  of  sugar);  B)  time  In  days; 

C)  time  In  hours.  a)  Action  of  37-25^  HCl  at  20*  on;  1-  xylose,  2  -  glucose; 

b)  action  of  1  N  solutions;  1  -  HCl  and  2  -  H2SO4;  c)  action  of  3 *65  N  or  12^ 

ECl  on  xylose;  d)  action  of  0.1  N  HCl  on  glucose  at  temperatures  of  l)  150*, 

2)  160*,  3)  170*,  and  4)  l80*.  ^  ‘  : 

humlnlflcatlon  doubles,  and  with  sulfuric  acid  the  rate  Increases  for  example 
by  a  factor  of  2.2.  . 

Even  In  moderately  concentrated  acid  (cf.  Figure  3^  for  3*^5  N  or  12^  HCl 
and  xylose)  the  humlnlflcatlon  Is  extremely  fast.  Thus  at  100®  after  8  hours 
In  3*65  N  acid  35^  humln  Is  obtained  but  In  2  N  acid  only  10^.  By  Increasing 
the  concentration  of  acid  I.65  times  the  rate  of  reaction  Increases  by  a  factor 

of  3.5.  •  ' 

In  Figure  3^  (for  glucose  In  0.1  N  ECl)  It  Is  evident  that  for  every  10* 
rise  In  temperature  the  rate  of  reaction  Increases  3*4  -  3*5  times;  raising  the 
temperature  causes  this  reaction  to  become  more  energetic  than  Increasing  the 
acid  concentration.  ... 

To  assess  the  relative  rates  of  formation  of  humln  substances  an  experiment 
with  1  N  ECl  at  100®  was  carried  out.  The  experiment  lasted  three  hours.  In 
this  time  4.39)0  of  humln  substance  was  obtained  from  xylose,  1.13)^  from 
arablnose,  0.15)&  from  galactose  and  O.C65&  from  glucose.  Thus  the  monosaccharides 
Investigated  can  be  grouped  according  to  their  rate  of  humlnlflcatlon  In  the  same 
order  as  for  the  action  of  concentrated  acids.  Hahn's  assertion  [2]  that  the 
humlnlflcatlon  of  galactose  Is  somewhat  slower  than  that  of  glucose  Is  not 
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sufficiently  proved. 

yield  of  hunln  substances  In  dilute  acids  at  100*  is  nearly  the  same 
as  In* concentrated  acids.  For  example,  for  xylose  in  2  N  ECl  It  Is  47.0^,  and 
In  37.23^  acid  It  Is  47.55^.  Hovever,  for  temperatures  above  100*  the  yield  of 
humln  substances  decreases,  and  at  l80*  for  glucose  Is  only  10. 3^  on  the 
weight  of  sugar.  Consequently  at  high  temperatures  the  process  of  breakdown  of 
sugar  takes  predominance  over  the  formation  of  organic  acid. 

.  SUMMARY 

1)  It  has  been  established  that  the  rate  of  humlnlficatlon  can  be  formally 
represented  by  an  equation  for  a  first  order  reaction. 

2)  It  has  been  shown  that  humln  substance  Is  formed  trovi  monosaccharides  at 
rates  which  increase  In  the  order: 

glucose  galactose  ^  arablnose  ^  xylose. 

3)  The  rate  of  humlnlficatlon  depends  on  both  the  nature  and  concentration 
of  the  acids,  and  also  on  the  temperature. 

4)  The  yield  of  humln  substances  Is  not  constant  and  Is  conditioned  In 
concentrated  acids  mainly  by  the  sugar  euid  the  character  of  the  acid.  In  dilute 
acid  at  temperatures  above  100*  the  breakdown  of  sugar  predominates  over  the 
formation  of  organic  acids  and  the  yield  of  humln  substances  decreases  3-4  fold. 
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